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THE PUBLISHERS BEG I£AVE TO CALL THE ATTENTIOK 
OP THE PUBLIC TO THE FOLLOWING UNSOLICITED NO- 
TICES OF THE ELEMENTARY GEOLOGY, FROM GENTLE- 
MEN EMINENTLY aUAUFIED TO JUDGE OF ITS BIERITS. 



From Gideon A. Mantell, LL.D. F.R.S. F.G.S., &e. Ac. Lmioov, 

Author of the Wonders of Geologt, &c. 
" I have obtained a copy of yoar Treatise on Greology. It is an aidminble 
work. It has been my carriage companion for some tune." 

From Prof. B. Silliman, LL.D. of Yale College. 
" I am greatly in fault in not having answered your kind letter of Aw. 
20th. with a co])y of your valuable work on Geology. I took the work wi& 
me to the west in the expectation of looking it over : and although I fitiled 
to read it satisfactorily, I glanced at it enough to convince me of its high 
value, and shall recommend it in my Lectures." 

From Prop. J. W. Webster, of Harvard UNnrERsrrr. 
" I have just received a copy of your * Elementary Geology,' for which I 
beg you to accept many thanks. I am thankful that ^rou have found tim^ 
to present us with so excellent a view of the science, and shall recommend 
i.he work warmly to the class attending my lectures. 

From Prop. C. Dewet, op Rochester, N. Y. 
" I introduced your Geology into our Academy. Part of it is hard reason- 
ing for minds not pretty weU matured. Still it is so vastly better than any 
thing in the English language with which I am acquainted, that I boast 
over it. It is admirable for the College course." 

From Prof. Henry D. Rogers, op the Universitt o^ Pennstltania, 
" I thank you sincerely for a copy of your work, and yet more for present- 
ing us with an Elementary Treatise on Geology in a form so well adapted 
to the wants of instructors. Having for several years past folt the want of 
just such a book for my Class in the University, I huled its appearance 
with real satisfaction." 



From Prof. W. W. Mather, Geo.logist to one of the DwrBiCTS op 
N. York, and to the State of Ohio. 
" I have examined your little work on Geology with much interest and 
satisfaction. It presenU a large mass of matter in a small compass ; is lucid, 
concise, and its materials are arranged in the most convenient form for the 
student. It seems to form a happy medinm between the more elementary 
•books for schools, and those for the more advanced students of geology. Its 
copious references to various works on geology, will be a ereat advantage to 
those who choose to go to the original^Antces and dive deeper into the var 
rious subjects discussM." «»■'.- 

From Prof. J. W. Bailet, of the Mi^j^aut Academy, West Powt. 
" I have recently perused with much pleasure, your Elementary Geology, 
and consider it a most valuable contribution to science, and highly creditable 
to yourself and our country. I am glad we have such a work to which to 
refer students. If I had know of your publication sooner, I should have 
adopted it as our text book : but the Class had already provided themselves 
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with Lyell's work. I shall recomnaend its adoptioii next year, if as is ahsoif 
certain, I meet with no work in the nofA time better suited to our pecuUaf 
wants at this Institution." 

From Prof. C. B. Adams, of Middleburt College. 
"Your elementarj book on geology has aflforded me great pleasure ; aiid 
' I have, since our Catalogue was printed, adopted it as a text book.*^ 



ThefoUomng notteetof ike work, from among the many that have appeared^ 
have been selected from sovne of the leading periodicals of the country. 



From vcbz American Journal of Science and Arts, for October, 1840. 
" The readers of this Journal and those who know the progress of Ameri- 
ean Greology, are well aware of the important services Prof Hitchcock has 
rendered to this branch of science, through a period of many years, both by 
his laborious explorations and his written works. In the present instance, 
he has attempted to prepare a work which shall fill a vacancy long ft* It by 
the instructors of geology in this country, a work which, while it gives a 
good view of the progress of the science in other countries, draws its illus- 
trations mainly from American facts. From the rapid glance which we 
have been able to bestow upon this performance, we should think that Pro£ 
Hitchcock had succeeding m imparting this feature to his book." 



From the American Biblical Repository, for October, 1840. 
" The appearance of this volume from the pen of Prof Hitchcock, will 
be peculiarly gratifying to many in the community. It is designed to be 
used as a Text Book for classes in geology, in Colleges and other Semina- 
ries of learning, and also, to supply the wants of the general reader, who has 
not the leisure to study the numerous and extended treatises that have 
been written on different heads of this subject. The plan of it, we think, is 
admirably adapted to tho first of these uses, and nearly or quite as well suited 
to the second." 



From the North American Review, for January, 1841. 

"Professor Hitchcock has been too long and favorably known to scientific 
men, both of the new world and of the old, to make it necessary for us to 
say, with what ample qualifications he undertakes the task before him. His 
work is no * secondary formation,' based on the published works^ of European 
writers, but in every part bears the impress of acute and original observa- 
tion, and hapi^ tact in presenting the immense variety of subjects treated in 
the following Sections into which the book is divided. 

" The fifth Section is devoted to Organic Remains. It occupies one fourth 
of the whole; work, and is illustrated with the best cuts in the book. We 
venture to say that there is not in our language so neat and compressed, yet 
•o clear and correct, an account of the * Wonders of Geology.' " 
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PREFACE. 



In preparing this work, three objects haTe been kept jxrinei- 
pally m view. The first was to prepare a Text Book for mj 
Classes in Qeolosy : the second, to brine together the materiau 
for a Synopsis ot Geology, to be appended to my Final ^Report 
on the Qeology of Massachusetts, now in the press : And the 
third was, to present to the public a condensed view of the pre- 
sent state of geological facts, theories, and hypotheses ; espe- 
cially to those who have not the leisure to stuay Terr extended 
works on this subject. In its execution, the work oifkn from 
any with which I am acquainted, in the following particulart. 
1. It is arranged in the form of distinct Propositions or Princi- 
ples, with Definitions and Proofs: and the Inferences follow 
those principles on which they are mainly dependent. This 
methoa was adopted, as it long has been in most other sciences, 
for the convenience of teaching : but it also enables one to con- 
dense the matter very much. 2. An attempt has been made to 
present the whole subject in its proper proportions; viz. its 
facts, theories, and hvpotheses, witn their nistorical and religi- 
ous relations, and a sketch of the geolory of all the countries of 
the elobe that have been explored. ^ geological works with 
whicn I am acquainted, either omit some of these subjects, or 
dwell very disproportionably upon some of them. 3. It is made 
more- American than republications from European writers, by 
introducing a greater amount of our eeoloey. 4. It contains 
copious references to writers, where the dinerent points heia 
briefly discussed, may be found amply treated. 5. It contains 
a Pcdaoniological Charts whose object is to brin^ under a 
glance of the eye, the leading facts respecting or^nic remains. 
Whether these peculiarities of the present work will be regarded 
by the public as improvements, important enough to deserve 
their patronage, time only can show. 

Type of two sizes is employed in this work. The most im- 
portant principles, facts, and proofs, are in larger type, to call 
the special attention of the student or reader : while many of 
the details and remarks are in smaller type. The subject is 
subdivided into the following heads; whose abbreviations will 
not need explanation: viz. Definition: Principle: Description 
Inference: Remark: Proof: Details: Blustration. Where a« 
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inference depends upon several principles, I have added a synop- 
sis of all the proofs on which it rests. 

In European countries especially, and to a good degree in 
our own country, geology has become a {K>pular and even fash- 
ionable study. In, most of our higher Seminaries of learning, it 
is explained by at least a course of lectures. But in Institu- 
tions of a lower grade, it receives far less attention than its 
merits deserve. Why should not a science, whose facts possess 
a thrilling interest ; whose reasonings are admirably adapted for 
mental discipline, and often severely task the strongest powers ; 
ftnd whose results are many of them as grand and ennobling as 
those of Astronomy itself; (such Astronomers as Herschel and 
Whewell being judges,*) why should not such a science be 
thought as essential in education as the kindred branches of 
Cheioistry and Astronomy 1 That all the parts of this Science 
tie not yet as well settled as those of Astronomy and Chemistry, 
is no olijeetion to making it a branch of education, so long as 
every intelligent man must admit that its fundamental facts and 
principlee are weU eetabliriied. 

Aug. 1, 1840. . 



THIRD EDITION. 

In pMsenting thus early a third edition of this work to the 
puUie, I will only say, that I have done all in my power to in- 
troduce into it all the important discoveries and improvements 
which have been recently made in the science. 

To enforce still more strongly the remarks of Dr. Smith, in 
IIm unsolicited Introductory Notice of this work which follows, 
velveting the importance of an acquaintance with Geology to 
the minister and the missionary, I will quote a few sentences 
from the letters of two esteemed missionary friends, now in ac- 
tive service in distant lands. Rev. Justin Perkins, American 
Missionary in Ooroomiah in Persia, under date of oist. 1, 1839, 
thus writes. 

" Did not my missionary work press upon me so constantly, 
and with such mountain weight, I should feel strongly tempted 
to study geology, (of which I know very Uttle.) so wonderfully 

♦ " Geology, in the magnitude and sublimity of the objects of which it 
treats, undoubtedly ranks, in the scale of sciences, next to astronomy."— 
Sit ^k» Bersckd. ' ^ 
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PREFACC. TU 

interesting, in a geological point of view, does tlie face of Persia 
appear to me. Indeed, I oiten feel that this interesting and im* 
portant science has peculiar claims on American Missionaries* 
Visiting, as they do, all portions of the world, they enjoy oppor- 
tunities of contributing to it, with almost no sacrifice of time or 
effort, which are possessed by no other class of American citizens. 
I know not that I can better atone for my own deficiency in this, 
respect, than by requesting you, in my behalf, to urge upon the 
missionary students in College, the high importance of their ob- 
taining a good practical knowledge of geoloey and mineralogy, 
while attending your lectures, as they would enhance their use- 
fblness, in future life. It is the combined light of all tbuth, 
'Scientific, as well as religious, which is to render so perfect and 
glorious the splendor of millenial day !" 

Rev. Ebenezer Burgess, Missionary at Ahmednuggur in 
India, writes under date of Nov. 1, 1841, as follows: 

" Did I possess an intimate acquaintance with mineralogy, it 
would be of great use to me in going over the country. When 
we go out to evangelize, it is very pleasant to be able to geolth 
gize and botanize : and such abilities render our trips far more 
subservient to the preservation of health. I think students err 
very much in nqt devoting to your department (in College) the 
full amount of time which is allotted to it in the course of 
studies. Perhaps they do differently in these days of reform. 
Every individual, who has a moderate ability for such studies, 
eould with a little' system and resolution, and without detriment 
to his other studies, acquire that knowledge of these branches 
which would be of great value to him in aUer life, especially if 
he intends to be a missionary. There are times when an ad- 
ditional source of relaxation or amusement is worth just about a 
man's life. There is now an individual connected with this 
mission, who has been raised from a state of great debility and 
weakness, by turning his attention to botany and mineralogy : 
at least, such appear to be the means which uod has used. Of 
all situations, the missionary in heathen lands most needs plea- 
sant sources of relaxation. When his mind sinks to a certain 
point under discouragement, or the weight of responsibility, if 
ne has nothing with which to divert it, it begins to prey upon 
itself; and then there is no remedy but to leave the neld." 

Amherst College, 
Apl. 1842. 
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INTRODUCTORY NOTICE. 



BY DR. J. PYE SMTTfi, OF LONDOIT. 

In a manner unexpected and remarkable, tlie opportunity hae 
been ^sented to me of bearing a publie teetimony to tlie yalue 
of Dr. Hitchcock's Tolume, Elbmbntart Gboloot* Thin ie 
gratifying, not only because I feel it an honor to myself, but 
much more as it excites the hope that, by this recommendation, 
theological students, many of my younger brethren in the eyan- 
gelical ministry, and serious christians in general, who feel the 
duty of seeking the cultivation of their own minds, may be in- 
duced to study this book. For them it is peculiarly adapted^ as 
it presents a comprehensive digest of geological facts and the 
theoretical truths deduced from them, disposed in a method 
admirably perspicuous, so that inquiring persons may, without 
any discouraging labor, and by emjdoying the diligenee which 
will bring its own reward, acquire inch a knowledge of this 
science as cannot fail of being eminently beneficial. It is no 
exaggeration to affirm that Geology has close relations to every 
branch of Natural History and to all the j^ysical sciences, so 
that no district of that vast domain can be cultivated without 
awakening trains of thought leading to geological questions ; 
and, conversely, the prosecution of knowledge in this depart- 
ment, cannot fail to excite the desire and to disclose the methods 
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X INTRODUCTORY NOTICE. 

of making valuable acquisitions to the benefit of human life. In 
our day, through every degree of extensiveness, from the peram- 
bulation of a parish to the exploring of an entire, travelling 
has become a " universal passion " and action too. Within a 
very few years, the interior of every continent of the earth has 
been surveyed with an intelligence and accuracy beyond all ex- 
ample. Who can reflect, for instance, upon the activity now so 
vigorously put forth, for introducing European civilization, the 
arts of peace, th^ enjoyment of security, and the influence of the 
most benign religion, into the long sealed territories of Centraf 
Asia, and not be filled with astonishment and delightful anticipa- 
tion? Similar labors are in progress upon points and in direjc" 
tions innumerable, reaching to the heart of all the other vast 
regions of the globe : and the men to whom we owe so much 
and from whom so much more is justly expected, are geologists, 
as weU as transcendent naturalists in the other departments. 
Whoever would run the same career must possess the same quali- 
fications. Even upon the smallest scale of provincial travelling 
for health, business, or beneficence, acquaintance with natural 
objects opens a thousand means of enjoyment and usefulness. 

The spirit of these reflections bears a peculiar application to 
the ministers of the gospel To the pastors of rural congrega- 
tions, no means of recreating and preserving health are compara- 
ble to these and their allied pursuits ; and thus, also, in many 
temporal respects, they may become benefactors to their neigh- 
bours. In large towns the establishment of libraries, lyceums, 
botanic gardens, and scientific associations, is rapidly diffusing a 
taste for these kinds of knowledge. It would be a perilous state 
for the interests of religion, that << precious jewel" whose essen- 
tial characters ,are " wisdom, knowledge, and joy," if its pro- 
fessional teachers should be, in this respect, inferior to the young, 
and inquiring members of their congregations. For those ex- 
cellent men who give their lives to the noblest of labors, a work 
which would honor angels, " preaching among the heathen the 
unsearchable riches of Christ ;" a competent acquaintance with 
natural objects, is of signal importance, for both safety and use- 
fulness. They should be able to distinguish mineral and vege- 
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table products, so as to guard against tlie pernicious and deter- 
mine the salubrious ; and very often geological knowledge will 
be found of the first utility in fixing upon the best localities for 
missionary stations; nor can they be insensible to the benefits 
of which they may be the agents, by communicating discoveries 
to Europe or the United States of America. 

To answer these purposes, and especially in the hands of the 
intelligent and studious ministers of Christ, this work of Pro- 
fessor Hitchcock appears to me especially suited. Though I 
flatter myself that I have studied with advantage the best Eng- 
lish treatise on Geology, and find ever new improvement and 
pleasure from them ; and have also paid some attention to French 
and German books of this class ; I think it no disparagement to 
thdm to profess my conviction that, with the views just men- 
tioned, this is the book which I long to see brought into exten- 
sive use. The plan on which it is composed, is diiierent from 
that of any other, so far as I know, in such a manner and to 
such a degree, that it is not an opponent or rival to any of 
them. Yet, in this arrangement of the matter, there is no 
affectation : all is plain, consecutive and luminous. It is more 
comprehensive with regard to the various relations and aspects 
of the science, than any one book with which I am acquainted ; 
and yet, though within so moderate limits, it does not disap- 
point by unsatisfactory brevity or evasive generalities. Such 
is the impression made upon me by the first edition of the 
"Elementary Geology," and I cannot entertain a doubt but 
that the ample knowledge and untiring industry of the author 
will confer every practicable improvement upon his proposed 
new edition. *. 

I received a deep conviction of the Professor's extraordinary 
merits, from his " Report" upon the Greology, Botany and Na- 
tural History generally, of the Province of Massachusetts, made 
by the command of the state government; a large volume, 
published in 1833, and the second edition in 1835: and from 
his papers in the " American Biblical Repository," which were 
of great service to me in composing a book on " The Relation 
between the Holy Scriptures and some parts of Geological 



Digitized 



by Google 
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SciMioe." But I did not till recently know that he was a^ 
" laithful brother and fellow-laborer in the goapel of ChrietJ' 
An edifying manifestation of this, it has been my privilege to 
receive, in Dr. Hitchcock's " Essay and Sermon on the lessons 
taught by sickness," prefixed to "A Wreath for the Tomb, or 
Extracts from Eminent Writers on Death and Eternity." It 
is my earnest prayer that great blessings from the God of all 
grace may attend the labours of my honoured friend. 

J. PYE SMITH. 
Homerton College^ near London, 
March 16, 1841. 
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ELEMENTARY GEOLOGY. 



Section I. 

A GENERAL ACCOUNT OF THE CONSTITI7TI0N AND STRUCTVEX 

OF THE EARTH, AND OF THE PRINCIPLES ON WHICH 

ROCKS ARE CLASSIFIED. 

Definition, Geology is tlie history of the mineral mosflM 
that compose the earth, and of the organic remains which they ^ 
contain. 

Remark 1. Some writers divide Geology into two branches; 1. Oeog" 
Ttosiff or PosidTe Geology, which embraces only the known fiucts of the 
science. 3. Qeogony^ or Speculative Geology, which attempts to point 
out the causes of those &ct8, and the inferences that result from them. 
See Traiti Elementaire de Geologie par M. Rozet: Discours Priliml- 
naire^ p. ^ V. Mso, Diet. Classique (V Hist. NatwreUe : Art. Oeologie. 
Others make three divisions. 1. Physical Geography. 2. G^eognoi^. 3. Ge- 
oeony. See Etemmts de Geologie^ par J. O. QmaUfUS £ MaUov, p. 1. 
OUiers embrace all legitimate ueory under Geogony, and connne the 
hypothetical part ot the subject to Geology. See Tableau des Thraintf 
par AleoMndre Brongniartj p. 3. But these distinctions are of little im- 
portance, and not much used by EInglish and American writen. -^ 

Rem, 2. A very philosophical and excellent division of Greology is pro- 
posed by Professor Whewell. 1. Descriptive^ or PhenomenaT Cfeology, 
embraces the facts. 2. Geological Dynamics gives an exposition of the 
general principles by which such phenomena can be produced.' 3. Pkysi- 
col Geology states the doctrines as to what have been the causes of the 
msting state of things. History of the Inductive Sciences, Vol. 3. p. 488, 
London, 1837. 

Rem. 3. A division of geology of some practical value is the following. 

1. Economical Geology y or an account of rocks with reference to their pe- 
cuniary value, or immediate application to the wants of sodety. 

2. Scenographical Geology, or an account of rocks as they exhiUt them- 
selves to the eye in their general outlines: in other words, an account of 
natural scenery. 

Observation. With the exception of v^etation, natural scenery is. all 
produced by the rocks that constitute the sur&ce: and the geologist 
' can oflen determine the nature of rocks by the peculiarities of their great 
outlines. 

3. Sdentific Geology, or the history of rocks in their relation to science, 
or philosophy. 

Def. Every part of the globe, which is not animal or vegeta- 
ble, including water and air, is regarded as mineral. 

Def. The term rock, in its popmar acceptation, embraces only 

2 
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14 STRUCTURfi OT THE EARTH. 

the solid parts of the globe : but in geological language, it in« 
eludes also the loose materials, the soils, clays, and graveb,^— 
that cover the solid parts. 

Princjple. The torm of the earth is that of a sphere, flat- 
tened at the poles: technically, an oblate spheroid. The polar 
diameter is abouf 26 miles shorter than the equatorial. 

Proof 1. Measurement of a degree of the meridian in different lati- 
tudes. 2. Astronomical phenomena; particularly the precession of the 
equinoxes. 

Inference. Hence it is inferred that the earth must have 
•been once in a fluid state ; sihce it has precisely the form which 
t^ fluid globe, revolving on its axis with the same volocity as the 
earth, would assume. 

Prin. Taken as a whole, the earth is about five times heavier 
than water ; or 2.5 times heavier than common rocks. 

Proof 1. Careful observations upon the relative attracting power of par- 
ticular mountains and the whole globe, with a zenith sector. 2. The disturb- 
ing effect of the earth upon the heavenly bodies. 

Inf. We hence learn^ that the density of the earth increases 
from the surface to the centre : but it does not follow that the 
nature of the internal parts is diflerent from its crust. For in 
consequence of condensation by pressure, water at the depth 
of 362 miles, would be as heavy as quicksilver ; and air as heavy 
as water at 34 miles in depth : while at the centre, steel would 
be compressed into one fourth, and stone into one eighth of 
its bulk at the surface. Mrs. Somervill^s Connexion of the 
Physical Sciences., p. 91. Fifth London Edition. 

Description. The surface of the earth, as well beneath the 
ocean as on the dry land, is elevated into ridges and insulated 
peaks, with intervening vallies and plains. Rozet, p. 86. 

Descr. The highest mountains are about 28,000 feet above 
the ocean level, and the mean height of the dry land does not 
exceed two miles. De la Beches Manual of Geology^ p. 2. 
Third Edition. 

Details. The height of a few of the most elevated mountains on tiie 
globe is as follows : See EncydoptBdia of Geography, Vol. 3. p. 605. 
Himmalayah Mountains, E. Indies, 27,6T7 feet. 

Rocky Mountains, 12,000 " 

Mouna Kea, 18.000 '' 

Chimborazo, Andes, 21,000 " 

Ararat, 17,700 " 

Mount Blanc, Europe, 15,668 " 

Descr. The mean depth of the ocean is probably between 
two and three miles. De la Beche^s Man. Geo. p. 2. It has 
been calculated from the phenomena of tides that the Atlantic in 
its middle part is above nine miles deep. Phillips* s Geology, p. 
23. Edinburgh, 188a 
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'Hf. ' He&ee k appears that the pieseiit Ary land uight be 
spread over the bottom of the ocean, so that the ^obe should be 
entirely covered with water. For nearly three fourths of the 
^surface is at present submerged. 

O^. While the great lakes of North America are elevated some of them even 
600 feet above the ocean, some of the inland seas of Asia are sunk below its 
level. It seems to be at last settled that the Caspian Sea is 108 feet below 
the Black Sea. L/ifeWs I^rindpies of Geeiogy^ Vol. 1. p. 21517 ^ Second Ameri- 
can, from ike Sixth London Edition, Boston^ 1842. The Dead Sea in 
Palestine is sank still more below the Mediterranean, as nmnerous obser- 
vations prove : but as they are all barometrical, they vary exceedingly, from 
600 to 1400 feet, Biblical Researches in PalesHne, <p<;., o^ Messrs. Bobinson 
and Smith, Vol. 2. p. 222, Boston. 1841: Also Ainerican Jowr, Science. 
Vol. 42. Jan. 1842, p. 215. 



Stratification, 

Def. The rocks that compose the globe are divided into two 
great classes, the Stratified and Unstratifie©. 

Def. Stratification consists of the division of a rock into 
regular masses, by nearly parallel planes, occasioned by a pecu- 
liar mod^ of deposition. Strata vary in thickness from that of 
paper to imany yards. 

Obs. Strata are often very tortuous and sometimes quite wedge sh^ied. 
Nevertheless, the fundamental idea of stratification is that of panillelism in 
the layers. MaccuUoch's Classification of Bocks, p. 100: also his System of 
Geology, Vol. l.p.Gl: also Greerumgh^s Chology, chap. 1. 

Def. The term stratum is sometimes employed to designate 
the whole mass of a rock, while its parallel subdivisions are called 
beds or layers. The term bed is also employed to designate a 
layer, whose shape may be more or less lenticular, or wedge 
shaped, included between the layers of a more extended rock ; as 
a bed of gypsum, a bed of coal, a bed of iron, &c. In this case 
the bed is sometimes said to be subordinate. 

Def When beds of different rocks alternate, they are said 
to be interstratified. 

Def. A seam is a thin layer of rock that separates the beds 
or strata of another rock : ex. gr. a seam of coal, of limestone, &c. 

Descr. A bed or stratum is often divided into thin laminae, 
which bear the same relation to a single bed, as that does to the 
whole series of beds. This division is called the lamination of 
the bed ; and always results from a mechanical mode of deposi- 
tion. The appearance of fissility which it gives to a rock, is 
often deceptive ; since the layers separate with great difficulty. 
This is ecrpecially true in gneiss. 

Descr. The lamination is sometimes parallel to the planes of 
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stxi^tttidii; •ometiaiiM tliey aie much ixudiaed to mfii otkerj 
and oft«n it is unduktiiig and tortaous. 
Pig. 1., shows Uie different kinds of lamination. 
Fig. 1. 



Withont Lamina. 

With waved LamoM. 

Finely Laminated, 

Coarsely Laminated. 

Obfiqnely Laminated. ^ 

Parallel Lamins. 

Piir. 3, is a case of veiy contorted lamination, in a sfratmn of gneisi 
two or tiiree &et thick, copied from a loose block m Colebrook, m Con- 
iiontirnt 

Fig. 2. 





Ckmtorted Lanumt of Gneisa : Colebrook^ Ct. 

Fig. 3 represents a bowlder of mica slate, 5 feet high and 6 feet broad, 
lying on the east side of the river stage road in Lyme, New Hampshire, north 
of the centre of the town. It will be seen, that in the upper part, where the 
lamine have been bent most, there is a crack. In the lower part are two 
luge tuberculous masses of quaztz. 
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TortuosUiea in Mica Slaie : Lymey N. Mampth^e. 

finf. The laminae ^of beds could not have been deposited ori- 
inally in the curved position shown in the preceding figures : 
ence the flexure must have been the result of some subsequent 
operation. 

Inf. Hence the layers at some period after their deposition^ 
must have been in a state so plastic that they could be beni 
without breaking. 

Origin of the varieties of Lamination* 

Causes. All the lamination of stratified rocks was undoubt* 
edly produced originally by deposition in water, and the va- 
rieties have resulted from modifying circumstances. 1. The 
parallel laminae are the result of quiet deposition upon a level 
surface. 2. The waved lamination, in many instances, is nothing 
but ripple marks ; such as are seen constantly upon the sand and 
mud at the bottom of rivers, lakes,^and the ocean. In the sec- 
ondary rocks this is too manifest to be mistaken. 3. The ob- 
lique lamination has generally been the result of deposition upon 
a steep shore, where the materials are driven over the edge of 
an inclined plane. 4. Highly contorted lamination has often re- 
sulted from lateral and vertical pressure, as illustrated by 
Fig. 4. 

2* 
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Fig. 4. 

lUustriUwn, If pieces of clotb of 
difierent colors be placed mpon a ta- 
ble Cj and covered by a weight, a, 
and then lateral forces b, ^,l>e ap- 
plied ; while the weight will be some- 
what raised, the clotn will^be folded 
. and contorted precisely like the lami- 
nse of many rocks ; as is shown in ' 
the figure. 
^ Prin, The agency of water 

and heat is sufficient to bring 
rocks, in nearly every known case, into that plastic state which 
is necessary to make them bend without breaking. 

- Proof. 1. Water alone renders clay eminently plastic ; and it imparts a 
de^ee of plasticity to nearly every variety of unconsolidated strata ; so that 
this, without heat, may have prepared all such strata for the flexures which > 
tbey exhibit. Water also orenders some solid rocks quite flexible ; as lime- 
stones and sandstones ; and it penetrates very deep into the solid crust of the 
globe ; so that some of the flexures, even in the solid rocks, may have been 
produced by forces acting upon them when saturated with water. 

2. Flexures are the most abundant and extensive in the vicinity of rocks 
that have been melted. And it is admitted that all the older stratified rocks 
have been exposed more or less to the influence of heat from the unstratified ; , 
and it is also true, that rocks may be heated almost to the melting point 
without destroying their stratified and laminated structure. So that in 
heat, we have a cause sufficient to prepare rocks for any possible degree of 
eontoitioD. 

Prin. Volcanic forces have operated from beneath upon most 
of the older rocks, whereby they have been bent upward. The 
weight of the ocean, of drift, &c., has bent them downward ; 
gravity and other agencies more local, have produced a lateral 
pressure ; especially when the strata were highly inclined : and 
these various agencies will account for nearly every case of flex- 
ure, not only of the laminaB, but of the beds also. But more on 
this point further on. 

Descr. In clay beds containing disseminated carbonate of 
lime, we frequently find nodules of argillo-calcareous matter, 
sometimes spherical, but jnore^ usually flattened. These are 
generally called elaystones, and the common impression is, that 
they were rounded by water. But they are unquestionably the 
result of molecular attraction. The slaty divisions of the clay 
extend through the concretions : and on splitting them open, a 
leaf, or a fish, or some other organic relic, is frequently found. 
In New England, however, both the slaty cleavage and the or* 
ganie nucleus are usually wanting. 
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Rem. In England these claystones are sometimes supposed to have been 
turned in a lathe, and to have been used for money. In this country they 
are usually thought to be the work of water, or of the aborigines. I find that 
^ose of New England have at least six predominant forms. Firud Report 
en ike Oeohgy of Massachusetts^ Vol, 2. p. 410. 

Fig. 5, will convey an idea of the 
manner in which these concretions are 
situated in the clay. 

Descr. Similar concretions abound in argillaceous iron ore, 
which is often disseminated in clay beds or shale. These no- 
dules, are usually made up of concentric coats of the ore : but 
sometimes the slaty structure of the rock containing them, ex- 
tends through them, and organic relics are found to form their 
nucleus. 

Fig. 6. represents a concretion of hjdrate of iron from the clay cliffs of 
Gay Head in Massachusetts. The axis consists of a piece of lignite, and its 
resemblance to a pear is very striking: or rath«r to a large garden squash t 
for its diameter is more than seven inches. 

Fig. 6. 




ConenUon of Iron Ore: Qoy Bead. 

Descr. The internal parts of these concretions of limestone 
and hydrate of iron, often exhibit numerous cracks, which some- 
dmes divide the matter into columnar masses, but more fre-^ 
quently into irregular shapes. When these xxacks ara filled 
with calcareous spar, as is often the case in calcareous concre- 
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tions, -they take the name of Ittdus hd- 
mo7itiij turtle stones, or more frequent- 
ly of septaria. From these is prepared 
in England the famous Roman cement. 
j Fig. 7, is a section of one of these. 

Vescr. Certain limestones called oolites, 
are often almost entirely composed of con- 
cretions made up of concentric layers: 
but the spheres are rarely so large as a pea. 

Descr. The concretionary structure, however, often exists in 
limestone on a very large scale, forming spheroidal masses not 
only many feet, but many yards in diameter. 




Divisional Structures, 

Def. Both the stratified and unstratified rocks are traversed 
by divisional planes, called joints ; which divide the mass into 
determinate shapes, which are different from beds and their 
laminae. Those only which occur in the stratified rocks will be 
here noticed. 

Descr. The most important of these joints, called master- 
joints, are more or less parallel, and so extended as to imply 
some general cause of production. 

Descr. When these joints cross the beds obliquely, as they 
usually do, and there are two sets of them, they divide the rock 
into rhomboidal masses of considerable regularity ; though 
wanting in that perfect equality in the corresponding angles of 
the prisms which is found in crystals of a simple mineral. 

Figs. 8 and 9, are examples : the first from the unconsolidated clay beds 
of West SpringfieM in Massachusetts, and the latter from the gneiss of 
MoDson in the same State. 



Fig. 8. 



Fig. 9. 
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Fig. 10. 



J)4scr. Other diyiedonal planea separate the rode into irreenlar 
fingments : and sometimes the fissures are filled with eakai*- 
ous spar, or other mineral substance. 

Cleavage* 

Dtscr, Some rocks are divided by a set of 
parallel planes j coincident neither with the 

gt ratification, the laminBtioiij noi the jointa 
These are called char age jdanes^ because thej 

' are supposed always to result from a crystalline 
ai-mn^ement of the particle a of the rock, su- 

^prinduced after its original depositicwL 

}>ncr^ This cleavage is most comjnon in 
aTgillaccQua slate, and in many cases consti- 

, tutes its slaty structure. But in nujny instanc- 
es this structnre is the result of original depo- 
sition, and corresponds to, or rather consti- 
tutesj the lamination. This is particulBrl]?- true 
of the finer slates, both aigillaeeous, inicac»> 
ouBj talcose and chloritic, in this country. 
LyeWs Elements iffGeoUgfu VqL 2. ft. 390» 
Sfcond Aw.er, Edition. Boston, 1842. 

Di^r. The cleavage planes are often IncKn- 
ed to the planea of Btratifieation and lamination 
at an an^e of 30"^ or iO'^^ and sometimes the 
the tw^o planes dip in opposite directions. The 
cleavage planes are remarkable for their almost 
perfect parallelism, while the strata and their 
laminae are usually contorted. 

Fig, 10, eihibita a set of cWifage jplajica crowing 
the curved strata in the slate rocks of Walcfi- 

In Fig. 1 1 1 are i«:tlilbiteil the planes of Htratlfit^ation, 
BB, B B J Lhe joiatfi, A A, A A j and ihe ekty cleaV- 
ftgCj d^ d. 

Fig. IL 
d A A 




.^ .\. \ r^ \ .•■■■■■ ■ 

A A d B 
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Descr. Strata and laminaa may be distinguislied from joints 
and cleavage, 1. By the alternation of different materials in the 
former. 2. By a difference of organic remains in the succes- 
sive layers. 3. By ripple marks and tortuosities. 4. By a dif- 
ference in color of successive portions of the rock. 

Descr. Joints may be distin^ished from cleavage planes 
chiefly by two marks. 1. A jointed structure rarely extends 
through large masses of rocks ; at least not without more inter- 
ruption than is found in cleavage. 2. The portion of rock 
included liietween two joints is not capable of a subdivision by 
parallel planes ; but in cleavage the subdivision may be carried 
on to an extreme degree of fineness. 

Origm of the different Structures in the SlroHfied Bocks. 

First Cause, Original deposition from w&ter. This will explain all the 
phenomena of stratification and lamination. 

Second Cause. Desiccation. By contracting the mass of the rock, it is 
compelled to separate into fragments : but this can explain only some of the 
more irregular divisional structures, such as those of seplaria and iron stone. 

't%ird Cause. A mechanical foitie acting beneath, by which fissures are . 
produced, either parallel or radiating from a centre, or without symmetry in 
their direction. This may ^xplidn some varieties of JQints. 

Fourth Came. vHeat. This must be supposed intease enough to give so 
much of mobility to the particles that they can obey molecular attraction, and 
assume a partiaUy crystalline form. In thiSkWay, probably nearly every case 
of cleavage was produced, and many cases of a jomted structure. 

JFHfih Cause. Water. If by this agent the particles can be made to move 
among one another, — (as they will do even by partial diffusion,) — ^they can 
then assume a crystalline arrangement, as in the case of heat. And the 
example of distinct joints, which I have given in Fw. 8, occurring in uncon- 
folidated horizontal clay beds, seems to require such a cause as this fi>r its 
explanation ; although I have seen no similar case described by writers on 
^logy. But in West Springfield and Deerfield in Massachusetts, these 
joints are very numerous and distinct ; occurring, however, in only a few of 
the layers of clay, while those above and below are unaffected. This clay 
has certainly never been subjected to any great degree of heat, being of very 
recent origin. 

iS^A Cause. Galvanic Electricity. The recent experiments of Mr. Robert 
Weare Fox of Grreat Britain, show that clay, subjected to a long voltaic 
action becomes laminated, so as to resemble clay slate in its structure. Very 
probably an electric agency is essential in those cases where heat and water 
seem to produce the effect ; and that these latter causes operate chiefly by 
exalting the electricities and giving mobility to the particles. 

Jiem. In the difficult subject of the structure of rocks, I have followed 
chiefly the original views of Professor Sedgwick, in his paper on the slate of 
England and Wales, in the Geological TVansaciionSf Vol. % p. 461, Second 
Series. Also Prof. John Phillips, in his Treatise on Geology, 3 Vols.Jjondon,^ 
1837 and 1839; also Mr. Lyell, in- his Elements of Geology. The subject 
will probably need stUl further attention before it is perfected. Yet much 
has been done. 
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Descr. The unstratified rocks occur in four modea 1. As 
irregular masses beneath the stratified rocks. 2. As veins cross- 
ing both the stratified and unstratified rocks. 8. As beds of 
irregular masses thrust in between the strata. 4. As overlying 
All these modes are shown in Fig. 12. 



Rem. The phenomena of veins, being very important, requiiies a more 
detailed explanation. 

Def. Veins are of two kinds. 1. Those of segregation. 2. 
Those of injection. The' former appear to have been separated • 
from the general mass of the rock by elective affinity, when it 
was in a fluid state ; and consequently they are of the same age 
as the rock. Hence they are often called contemporaneous veins. 

lUus. Fig. 13, represents a bowlder of granitic gneiss, in Liowell, about 
five feet long, traversed by several veins of segregation, whose composition 
differs not greatly from that of the rock, except m being harder and more 
distinctly granitic. Where veins of this description cross one another, they 
coalesce so that one does not cut off the other. The surface of the gneiss 
near Merrimack river in Middlesex County is often covered with reticula- 
Uons produced by veins of this description. 

Kg. 13. • 




VetJts of Segregation in Cfneissj Lotodl, 



Obs, Clttartz veins are usually veins of segregation. But I have seen some 
of this description in Massachusetts a foot or more in width, perfectly straight 
and continuous, for a great distance through talcose slate, that are with <M- 
culty referable to such an origin. 

Def. The second class were once open fissures, which at a 
subsequent period, were filled by injected matter. 
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Descr. Veins of segregation are frequently insulated in the 

contaijoing rock ; they pass at their edfi;es by insensible gradatioofl 
into ^at rock ] and are sometimes tu oercular or even nodukur. 

Descr. Injected veins can often be traced to a large mass of 
similar rock, from which, as they proceed, they often ramify and 
become exceedingly fine, until they are lost. Usually, especial- 
ly in the oldest rocks, they are chemically united to the walls of 
the containing rock ; but large trap veins have often very little 
adhesion to the sides. 

Fig. 14, exhibits granite veins protruding from a large nuuw of granke into 
hornblende skte in Cornwall. 



Fig. 14. 



y 




Chranitc Veiru in SortUdende Slate : Comw€Ul^ JEng, 



Def. The large veins that are filled with trap rock or recent 
lava, are usually called dykes. These differ from true veins, 
also, in rarely sending off branches. 

Inf. It is hence inferred, either. that the matter of dykes was 
less fluid, because less hot, than granite, or that the rocks through 
which veins pass, had a higher temperature than those into 
which dykes were injected : so that the latter sooner cooled the 
fluid matter than the former. Hence, when the small lateral 
fissures were produced, as they probably usually were by the 
heat of the injected matter, the granite flowed into them, while 
the trap had become too hard. 

t)escr. Trap dykes are sometimes several yards wide, and ex- 
tend 60 or 70 miles ; as in England and Ireland. 
3 
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Descr. Dykes and veins frequently cross one anotlier; 
and m such a case, the one that is cut off, is regarded as the 
oldest. 

Rem. Undoubtedly this rule, in general, can be depended on for" deter- 
mining the relative age of injected veins. Yet it is easy to conceive how 
a vein of considerable size might be filled with matter not very fluid, 
without filling all the lateral fissures; and should these be subsequently 
filled with more perfectly fluid matter, they would appear to be cut ofi* by 
the larger vein; and hence, by the rule, be regarded as the oldest, al- 
though in fact more recent. 

Prin. By this rule it may be shown that granite has been 
erupted at no less than four different epochs. 

Rem. I do not find any European writer describing more than three 
epochs of the eruption of granite. MaccuUoch's St/stem of Geology^ Vol, 
1. p. 137. 

lUtLS. Fig. 15, represents a bowlder of granite in Westhampton, Mass., 
whose base was the product of the earliest epoch of eruption. This is 
traversed by the granite vein, a, a, a, which was injected at a second 
epoch ; 6, is a granite vein cutting a, and therefore produced at a third 
epoch ; while b. as well as «, are cut off" by the granite veins c, and d^ 
of a fourth epoch. 



Fig. 15. 




Granite Veins in Granite : Westhampton. 



Prin. By the same rule can be proved successive eruptions 
of the trap rocks. 

Ehis. Fig. 16, shows several interesting veins in syenite in the north 
part of Cohasset, Mass. No. 1, is the basis of syenite. No. 2, a dyke of 
porphyry, 10 feet widt. No. 3, dykes of common greenstone, the largest 
aO feet wide. No. 4, dykes of common greenstone, 5, 6, and 8 feet wide. 
Here then we have four successive epochs of eruption. 
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Dykea in Syenite : Cofuutett Mcua. 

Fig. 17| exhibits ^eins in metamorphic gneiss on the sea shore in Ber- 
eriy, Mass. The gneiss, is almost converted into syenite. No. 1, is a vein 
of granite. No. 2, dykes of common greenstone. No. 3, dykes of por- 
phyritic greenstone. These last are obviously the oldest; and one of totta 
IS very much displaced. 

Fig. 17. 




Dyhea in Metamwrphic Gneias : Beverly, Man. 

Descr. In one remarkable example of veins of different 
kinds, I have been able to trace eleven epochs of the eruption of 
UAstratified rocks. {See Plate 2.) 
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Hha, Thii eaae m in the citj ^f Sbileln, MaM., near the entrance of 
the bridge leading to Beverlj on the west side. The basis rock, No. 
1, is syenitic greenstone. The oldest veiii, or dyke, (3) is gfeenstone, a 
few inch^ wide. Nos. 3 and 4, are veins of reddish granite, — ^QeBxly all 
felspaf/ which cot across the greenstone dyke, No. 2. These are very 
num^iroiis; mach more so than is shown upon the drawing} and of very 
irregular width, — often branching out into strings a mere luie in breadth. 
Th^ belonff to at least two epochs of eruption : for tome of them are cot 
off by the others, and probably stUI more eruptive epochs migbt be traced 
among them: but they are so complicated tnat I nave not been able to 
do It. No. 5, is a djke of greenstone, which cuts off 3 and 4. No. 6, 
which is 40 inches wide^ iiB porphyritic greenstone, and cuts off No. 5. A 
small dyke and nearly parallel, a little to the left, appears to be of the r 



age^ No.. 7, is porphyritic greenstone cutting off No. 6. No. 8, (of which 
there are two running nearly parallel,) intersects Nos. b and 7, and is granite 
or felspar. No. 9, consists of two large dykes of greenstone, which cut off 
all Iha others that have been describee^ except No. 8 ; and perhaps this also : 
but the intersection is covered by soil. No. 10, of whieh there are small 
veins near the bottom of the i^etch, and near the top, and is of the same 
kind of granite as Nos. 3 and 4, intersects nearly all the preceding veins. 
Finally, r^o. 11, c<msists of the same kind of granite veins, a mere line in 
width, running diagonally across the sketch. The whole space represented, 
is 36 by 27 feet, and the lower part of it is covered by the ocean at high 
tide, and the upper sur&ce bv soil. 

I have spent a good deal of time in examining this complicated and very 
interesting net work of veins and dykes ; and I cannot see why we have not 
endenoe here, of the extraordinary fact — ^unique so far as I know— of ekven 
soocessive eruptions of ^rranite and trap rock. Or if we regard the basis rock 
as metamorphic ; — ^that is, formed by the fusion of gneiss ;— and it may be so,— 
stIH, we have ten subsequent injections ! 

Descr. Veins and dykes usually cross the strata at various 
angles. But not unfrequently for a part of their course they 
have bften intruded between the strata ; and hence have been 
mistaken for beds, and have given rise to the inquiry whether 
granite is not stratified. 

Descr. Dykes are usually nearly straight; but granite veins 
are sometimes very tortuous. 

lUus, Fig. 19, shows two small but very distinct granite veins in ho- 
mogeneous micaceous limestone in Colrain, Mass. If these are injected 
veins, as they appear to be, it is extremely difficult to account for their 
tortuosity. 
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Fig. 19. 




Pig. 90, represents 

a granite vein only 

pne eighth of an inch 

.^ thick, conforming to 

|[ the flexures of mica 

_ slate in Conway, Ms. 

^ Perhaps this may be 

a segregated vein. 

Fig. 21, (see next page) is a tortuous vein of granite in talcose slate in 
Chester, Mass., which does not conform to the flexures of the slate. It is 
possible, however, that it may correspond to the original curves of deposition, 
and that the present slaty structure is superinduc^ ; though I have strong 
reasons to think that this is not the case. 

Descr, In modern volcanos the lava is ejected from circular 
vents, called craters. But the older unstratified rocks, although 
evidently of volcanic origin, appear to have been protruded 
along extended fissures, either across the strata, or in the same 
direction as their strike. It is possible, however, that craters 
did once exist, but have been swept away by powerful denuda- 
tion of the surface. 

Example. A range of greenstone commences at New Haven in Connecti- 
cut, and runs diagonally across the valley of the Connecticut, until it termi- 
nates in Hampshire County in Massachusetts. It must be 70 or 80 miles in 
length, and one or two in breadth, and it conforms generally to the strike of 
the sandstone. Similar ranges exist in New Jersey. 

Descr. The unstratified rocks, especially when exposed to the 
weather, are usually divided into irregular fragments by fissures 
in various directions. 

Descr. Sometimes, however, these rocks have a concretionary 
structure on a large scale ; that is, they are composed of con- 
creted layers whose curvature is sometimes so slignt, that they 
are mistaken for strata. 

3* 
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Fig. 21. Obs. Cases of this sort can be distin- 

guished from strmtificatjtu^ first by the 
eqncri'ttd divisions not extending through 
ihe \N hole rock ; secondly, by the want 
of n lEiiJainar or slaty 'structure in the pa- 
ralld masses. 

Exmn. A fine example of this con* 
crctrJ structure occurs at one of the 
qUEirriei in syenite near Sandy Bay on 
Ciipe Ann. Another occurs in ^anite, 
at tliu granite quarry in the hill east 
of the village of Worcester. Another in 
Pitch burg. Another in the trap rock at 

Def An interesting variety of 
jointed structure in some of the un- 
stratilied rocks, is the prismatic or 
columnar, by which large masses of 
roclis are divided into regular forms, 
from a few inches to several feet in 
diameter; but with no spaces be- 
tween them. 

OBs. This curious phenomenon win be 
nioru pEUticularly described in a subsequent 

Deser. The layers of the strati- 
^ed rocks are sometimes horizontal ; 
but more fre(juently they are tilted 
up so as to dip beneath the horizon 
at every possible angle. 

Def The angle which the sur- 
face of a stratum makes with the 
plane of the horizon is called its 
inclijiation, or dip; afid the diree- 
tion of its upturned edge is called 
its strike or bearing. 

Of-s. Of course horizontal strata have 
ni'khcr strike nor dip. The exposure of 
a ^IraUjm at the surface is called in the 
bnj7UJige of miners, its oiU-crop or bas- 

Dtscr. As a general fact, the 
newer or higher rocks are less in- 
clined than those below. The high- 
est are usually horizontal ; while the 
oldest are often perpendicular. 

Om. This admits of too many exceptions 
to be employed as a means for determining 
the age of rocks. Thus, a considerable 
pari of the gneiss rocks of New England 
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(QfOAHy the oldest of the stratified rocks,) has a lees dip than the sanditoiifli^ 
or even than some of the tertiary rocka of the same region. 

Descr, The instrument employed for ascertaining the dip <^ 
a stratum, is called a clinometer. Eyery geoloelst, however, 
ought to be able to determine the dip with sufficient accuracy 
for most purposes by the eye. A good pocket compass wiH an- 
swer for finding the strike. 

De^r. Unstratified rocks do not probably occupy one tent]i 
part of the earth's surface. 

Descr, In Great Britain, says Dr. Macculloch, " they do not cover a thou- 
sandth part of the superficies of the island." In Massachusetts, they occupy 
nearly a quarter of the surface. 

Prin. These rocks, however, we have reason to suppose, oc- 
cupy the internal parts of the earth to a great depth, if not to 
the centre ; over wnich the stratified rocks are spread with very 
unequal thickness, and in many places are entirely wanting. 

ExplanaHon, Fig. 12, will convey a better idea than, language, of the 
relative situation of the two classes of rocks. The difierent groups of strfiti- 
fied rocks, viz. Alluvium, Drift, Tertiary, Secondary and PraawfVj aM a&n 
shown resting upon one another, and upon granite beneath. This granite, 
also, is shown protruding to the surface ; and upon its sides lie the stratified 
rocks highly inclined : veins of syenite, porphyry, trap, serpentine and lava, 
are also shown protruding through the granite,* and coming from beneath it; 
as they m^t do, because 4hey have been erupted since the granite. VeiDS 
of syenitia granite of a posterior date are likewise shown, oenetrating the 
stratified rocks to the top of the secondair strata, which is toe most recent 
granite yet discovered. Syenite and porpnyry rise no higher than the top of 
the secondary : but the trap rises to the top of the tertiary ; and finally, 
modern lava overspreads aUuvium. The stratified rocks are represented ae 
inclined at difierent angles; the lowest being the most tilted up. AlthO(^i|f 
therefore, thia is not a section of any particular portion of the earth's crus£ 
yet it will give a correct idea of the relative situations of the groups both of 
stratified and umtrafcified ludcs. For a much larger and mere detailed iee- 
tion of this sort, see BwMcmd's Bridgewater TVeaHse, PkUe I, 

Formations, 

Rem. It is not pc^sible in geology as in other department of xi^tM- 
ral history, to describe species with definite and invariable characters; 
because each rock is found to be made up of varieties, often very nu- 
merous, which insensibly graduate into one another; as do also the 
rocks themselves in many instances. In botany, mineralogy ai^ ^0(A9• 
gy, species are separated by definite lines, and never do tTus pass into 
one another. If, therefore, we employ in geology the same exactness of 
specific description as in these sciences, we shall impose on nature a logi- 
cal precision which will not fit her in this department of her works. Anetfist 
method must, therefore, be adopted. See MaccuUock^s Geological^ Oamji' 
cation of Hocks j Chap. 1. 

Def. Each rock, in its most extended sense, consist of sey^ 
ral varieties, agreeing together in certain general character?^ 
and occupying such a relative situation with respect to one ano* 
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ther, as to show that all of them weie formed lindev' similar 
circumstances, and during the same geological period. Such 
a group constitutes fi formation. Ex. gr. graywacke formation, 
gneiss formation, &c. 

Def. This term often embraces several distinct rocks, when 
there is reason to suppose them the result of the same geological 
period. 

Fig. 22. will give an idea of the English lias formation lying be- 
tween the oolite formation above, and the red sandstone formation be- 
neath. 

Fig. 22. 



Upper lias shales^ 



Lias Formation. < 




tr— Marlstone, 



Middle lias shales, 



b-^- •^j^^I^^^'TL-irr^jiiz Lias limestones, 
Lower lias shales. 



Def. The English word group, and the French terrain, are 
nearly synonymous with formation. The term series is also 
very convenient in description. 

JDef. When the planes of stratification are parallel to one 
another in different formations, the stratification is said to be 
conformable : when not parallel, it is unconformable, 

Descr. The stratification in different formations is usually 
unconformable, as is shown in the position of the secondary 
and primary formations, in Fig. 12. 

Inf. It is l^ence inferred that the stratified rocks were elevated 
at different epochs : in other words, those formations which are 
the most highly inclined, must have been partially ' elevated be- 
fore the others were deposited upoq^ them. 

Descr. These numerous elevations of the strata have pro- 
duced in them a great variety of cracks, fissures, and slides. 

Def When the continuity of the strata is interrupted by a 
fissure, so that the same stratum is higher on one side than on 
the other, or has been slidden laterally, that fissure is called a 
fault, or a trouble, — a slip^ — a dyke, &c : as a, b, c, d, Fig. 23. 
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Fig. 23. 




Rem. A fault is generally filled with fragments of rocks, claj, &c. as iL 
It often occasions great trouble in the working of mines, because, when it is 
reached, it is impossible to decide whether the contuiuation of the miner^ 
Bought is above or below the level, or to the right or left. 

Def. If the fissure is open and of considerable width, 4ind is 
succeeded at each extremity by a wider valley, it is called a 
gorge, as c. 

Def. If it be still wider, with the sides sloping or rounded at 
the bottom, a valley is produced ; as d. 

Prm. In a similar way most of the valleys of primitive coun- 
tries were formed. 

Def. The line forming the top of a mountain ridge, or run- 
ning through a valley, along which the strata dip in opposite di- 
rections, is called an anticlinal line, ox ariiiclinal axis : as at o^ 
Fig. 24, and b, Fig- 25. ^ - 

Fig. 24 




Def. When the strata dip towards this line on each side of it, 
is called a synclinal line, or axi&, as at b, Fig. 24. 
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Dtf, When the strata dip from any point in all directions 
outwards, (as around the crater of a volcano,) the dip is said to 
be quaquaversal. 

Classijkation of Rocks, 

Rem. Numerous attempts have been made to classify the rocks. But 
none of the arrangements hitherto proposed ^ possess so decided a superi- 
ority over the others as to be adopted in every particular. In the present 
state of the subject, all that can be done is to give the outlines of the 
most important systems of classification, leaving the reader to take his 
choice amon^ them. I shall first describe some of the larger groups 
cf rocks, which have long been admitted by most geologists to exist in 
nature. The names by which they are designated are indeed objectiona- 
ble, because they were originally founded upon .uncertain hypothesis: and 
many excellent writers have entirely excluded them from their works. 
But as they still continue to be employe<l by most geologists, and as they 
can now hardly mislead even a tyro in the science, and are moreover 
founded in nature, I shall retain the most of them in the following familiar 
description of the earth's crust. 

Descr. If we suppose ourselves placed in a meadow, which 
has resulted from the successive deposits of annual floods, and 
begin*> a perpendicular excavation into the earth, we fi^all pass 
through the different classes of rocks in the following order. 

Def For a few feet only, — rarely as many as 100, we shall 
pass through layers of loam, sand, and fine gravel, arranged in 
nearly horizontal beds. This deposite, from an existing river, is 
denominated alluvium. 

Def. All deposits from causes now in action, which have 
taken place since the present order of things commenced on the 
globe, are usually regarded as alluvial. 

Def. The second formation which we shall penetrate, is 
composed of coarse sand and gravel, with fine sand and even 
sometimes clay, containing, however, large rounded masses of 
rock called bowlders ; the whole mixed together, yet often dis- 
tinctly, and horizontally stratified. This formation, evidently 
the result of glacio-aqueous agency is called drift. It is distin- 

fuished from alluvium, first by its inferior position; secondly, 
y the marks of a more powerful agency ; and thirdly, by ex- 
tending over regions where no existing streams or other causes 
now in action could have produced it. 

Dd\ The third series of strata which we penetrate in de- 
scending into the earth, is composed of layers of clay, sand, 
gravel, and marl, with occasional quartzose and calcareous beds 
more or less consolidated ; all of which were deposited in Waters 
comparatively quiet and in separate basins. They also contain 
many peculiar organic remains, and sometimes dip at a small 
angle, though usually they are horizontal These strata are 
called tertiary. - 
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Obs. It is only a few years since all the formations abore deseribed were 
regarded as alluTium. 

JXescr. The formations wliicb we penetrate after pasfiine 
through the tertiary, are composed for the most part of solia 
rocks. They are, however, mostly made up of sand, clay, and 
pebbles, bound together by some sort of cement. With these 
are interstratified many varieties of limestone ; and throughout 
the whole series is found a great variety of the remains of ani- 
mals and plants, very different from those in the tertiary strata. 
These groups of rock sometimes lie horizontal ; but are usually 
more or less elevated, so as to make them dip at various angles. 
They are called secondary rocks. 

Obs. It will be seen that all the fos^iliferous rocks below the tertiary 
are here included in the secondary class. Many geologists, even to the 
present time^ have separated some of the lower groups into a class named 
transition^ l>ecause they appear as if produced when the earth was in a 
transition state from desolation to a habitable condition, and have a tex- 
ture partly mechanical and partly chemical. I do not attempt to define 
such a class, because I cannot fix upon any characters by which it can 
be distingubhed from the secondary strata. 

Def. The stratified rocks below the secondary, are distin- 
guished by the absence of organic remains, by having a struc- 
ture more or less crystalline, and by being more highly inclined. 
They are called primary rocks. This term has also been ap- 
plied to the unstratified crystalline rocks. Mr. Lyell has pro- 
posed, as a substitute for primary, the term hypogene; meaning 
" nether-formed rocks, or rocks which have not assumed their 
present form and structure at the surface.'' Elem. GeoL Vol 
1, p. 20. 

Rem. D'Halloy, Dr. Macculloch, Prof Phillips, Mr. Lyell, and seme 
others, include some of the fossiliferous rocks, — as clay,. slate, and gray- 
wacke, — in the primary class, as may be seen on the tabular view at tJie 
end' of this section. 

Descr, Immediately beneath the primary stratified rocks, we 
find the unstratified ones. 

Inf. As this is found to be the case wherever the stratified 
rocks have been penetrated, it is inferred that the internal parts 
of the globe, beneath a coihparatively thin crust, are made up 
of nnst/atified rocks : at leajst to a very great depth. 

Dercr, Among the primary rocks there is no settled order of 
superposition. Perhaps gneiss most commonly lies immediately 
above granite ; but the other members of the series are frequent^ 
ly found also in the same position. 

Des&v. Among the fossiliferous rocks there exists an invaria^ 
ble order of superposition. 

Excfptwn. In a few cases, internal forces have not merely lifted 
apon their edges, but actsaHy overturned strata of considerable thick- 
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Tb« lecUpn in Fig. 24, wan taken in the Alpt, and exlubili a 

of this kind. G, i« gneiss, L, L, limestone, C, conglomerate, lo- 

eally called nagUfiue. Now the limestone is really an older rock than 
the confflomcmte; and yet it lies abore^the conglomerate, because the 
whole series has b«sn tossed over, so as to bring the newer rocks bcneaUi 
Om older. 

Deter. In some instances the strata have been folded to- 
gether on a vast scale, and in such a manner as to bring 
some 6[ the newer rocks beneath the older. Fig. 26, is 
Fig. 26. a section of this cha- 

raeter. Originally the 
strata were probably 
folded, as is shown by 
the curved lines pass- 
ine from 1 to 1, 2 to 2, 
and so on. But their 
upper parts have been 
denudea, so that the 

present surface is a, a. 

FoidedAsuu ^he oldest strata are 

mov found to be 6, 6 ; and they corfespond outward on each 
aide of these ; as 5, 5 ; 4, 4 ; &o. Such an exam|4e as this 
has been called a folded axis. 

Exam, I have no small reason to believe that a similar folding and 
overturning of the strata have taken place on a vast scale in the IJnited 
States; althoagh the phenomena have not yet been studied as carefully 
■as would be desir^le; and some of our geologists explain the inverted 
dip on other principlefl. Along the western part of the Green and Hoo- 
•ae Mountains, in New England, occur intersi ratified beds of gneiss, mita 
slate, talcose slate, clay slate, limestone, and older Silurian rocks, which 
are either perpendicular, or have a high easterly dip: and yet the oldest 
members of the series are found along the eastern side of this belt, and the 
strata become newer and newer as we go westerly : that is, the oldest 
Ipeks lie apparently above the newer ones. These appearances present 
themselves nearly the whole distance from Connecticut river to Hudson 
river ; a breadth of nearly fifty miles. Now suppose in early times the 
strata between those rivers to have been somewhat elevated, with Hoossc 
Mountain, or the Green Mountains as their principal axis, as is shown 
in fig. 37 ; where L stands for limestone, M, for mica slate, T, for talcose 
■late, S, for clay slate, and Gra. for graywacke. While yet in a yielding 
state, imagine powerful forces to act in opposite directions at the two 
extremities of these strata: that is at Connecticut and Hudson rivers; 
where we have reason to believe extensive faults exist : while at the same 
time we may suppose an upward strain upon the strata from gas or melted 
Blatter beneath. The cflect would be to bend and fold together the strata, 
as they are shown upon fig. S8. If afterwards they were denuded by 
water, .to the depth of the irregular line A A, their- character, dip, and out- 
line would correspond essentially to what we find between Connecticut 
and Hudson rivers. It appears further, from the Geological reports of 
Professors Mather on New York, of Prof. Henry D. Rogers on New 
Jersey and Pennsylvania, of Pmf. William B. Rogers on Virginia, and 
ef Pio£ Tioost on Tennessee, 4hAt these mom rocks, with similar f 
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ffion of their dip, occur in «11 those states, forming a omipidmbk |Hirt 
of the Appalachian Mountains; and that in fact they extend idmost unr' 
interruptedly from Canada to Alabama; a dbtance of nearly 1200 m iles. 
And it the above theory of the folding and inversion of this belt of toAa 
be correct in the latitude of Massachusetts, it is without doubt tme 
over this vast extent of country. Nor can we doubt that agencies Miffi- 
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eiently powerful have operated often in nature to produce these eflTectf; 
although it is difficult for the mind to become familiar with such stu- 
pendous forces. {See this Iheary farther ehiaAatM in the Filial Report an 



the Crteiogy of Massachusetts^ 



2. p. 577, OTid in the first Anniver- 



sary Address before the Association of American Geologists at Philadd- 
fhia^ 1841. Pr'fcaaora W. B. 4* ^- D. Rogus read a most interesting 
paper on this subj. ct before Oie Associaton of American Geohgists at Boston in 
Aprilj 1842 : and as they Jiave studied the subject more than any other geolo- 
gists, the jmbUcatUm of Ouir paper uil be waited for impoHently.) According 
to Mr. Scrope, similar folded axes on a vast scale occu|; in the mountains 
of South America. Scrope on Volcanos, p. 195. 

Descr. Sometimes the strata, after descending in an inverted 
position from 1000 to 1500 feet, curve in such a direction as to 
Dring them into their proper position ; as is sHown in Fig. 29, 
taken in the Alps. 

Fig. 29. 




Curved Strata in the Alps. 

Descr. One or more rocks are frequently wanting in the se- 
condary series, which brings those of very different ages into 
contact: but the order of arrangement is never thereoy dis- 
turbed. 

Exam. Thus in Fig. 30, on the lefl side of the central mass of 

granite (A,) we have the primary (B,) the secondary (C,) and tertia- 

* ry (D,) in regular order : but on the other side, the secondary is wanting ; 

and the tertiary (D,) lie directly upon the primary (F,) as well as upon 

the granite, while a deposite of drift (E,) comes in contact with all. 

Other Systems of Clocssification, 

Descr. Dr. Macculloch divides the strata into four principal classes. His 
AUwfial Class embraces alluvial and drift: his Tertiary Class is the same asi 
that already described: lus Secondary Class extends no farther downward 
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Fig. 30. 




than to the bottom of the old red sandstone; and the remainder of the 
fiwsiliferous rocks, with the stratified non-fossiliferous ones constitutes his 
^Primary Class. He also distributes the unstratified rocks through the two 
latter classes, and adds a fifth, or the Volcanic Class. Reckoning the strati- 
fied and unstraiified rocks together, he divides the whole into ten groaps, 
which he also denominates classes, by the designation ProtMh.^ Deiitoltli, 
&c. This latter arrangement he denominates the Na'ural Systifn. and ths 
former the Arlificial System. MarcuUoch*9- System of Geohgy, Vol. 3. p. 78. 

Descr. In Rev. W. D. Conybeare's arrangement, alluvium, drift, and the 
tertiary strata, are called the Superior Order : the rocks from the chalk to 
the coal measures, form his Si permcdial Order: the coal measures, car- 
boniferous limestone, and old red sandstone, form his Mtdiol Order: the 
remaining fossitiferous rocks constitute his Siibviedial Order: and the strati- 
fied primary groups his InfMor Order. The unstratified rocks are distri- 
butea amonjg the stratified, according to their supposed age. This system 
has the merit of being both simple and free from all hypothetical allusions. 
Conybeare arul Wm. Phillips^ s Geology of Evglaiid and Wales^ Vol. 1. 18^. 

Descr. De la Beche divides all rocks into two great classes, the Stratified 
and Unsiralified. The latter he treats as a single family : the former, he 
subdivides into ten groups. The first is called the Modem Group^ and 
corresponds to alluvium: the second is the Erratic Block Grovp, corres- 
ponding to drift: the third, the Supercrefaceous Grmip^ embracing the 
tertiary strata : the fourth, the Crptnceous Group including only the chalk 
and some associated strata: the fif^h, the Oolitic Grovp, comprehending 
the oolite and the lias: the sixth, the Red Sandslone Gro^tp, or the new 
red sandstone: the seventh, the Carboiiiferovs Grmip^ containing the coal 
measures, carboniferous limestone, and the old red sandstone : tne eighth, 
the Graywncke Grovp, or the graywacke formation : the ninth, the lowest 
FossiUfertms Group, or fossiiiferous slates lyin^ below the graywacke: and 
the tenth, the Primary Sirafified No^i-Fossilfero^ts Rocks. This arrange- 
ment is also natural and satisfactory. De la Beckers Man. G€ol. p. 38. 
third edition. 

Descr. Mr. Lyell embraces the rocks in Periods and Groups. The first is 
the Post Pli/Kene Period, inclmling alluvium and drifk. The second is the 
T^tiarv Period^ subtlivided into the newer and older Pliocene, the Miocen^^ 
and the Eocene. The third he denominates S'condory, which extends to the 
bottom of the old red sandslone: next succeetfs hi^' Pnmory Fossilifrrcus 
Period, which includes all the remaining fossiliferous rocks. His Mela- 
morpMcJiockx embrace all the stratified non-fossiliferous groups. The un- 
stratified rocks are distributed through these several classes ^ and he has 
Ukewise made a division of thoste unstratified rocks, that exist below the 
stratified ones, into Primary Plntonic, Secondary Plutonic^ Tertiary PUir' 
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tonic, and Recent PhUomc, reckcniiig a '* deflcending orde?. EkmenU 
of Geology, Vol. 2. p, 170. 

Deicr. Omalius d'Halloy, a French geolo^t, in 1831, proposed tlM 
following system of arrangement. He &st divides all rocks into Neplu* 
nioft^ or the stratified, and the Plutonian, or unstratified: then under 
his first class, or M>dem Formation, he places alluvium ; under Tertiary 
FormaUons, he puts drift and the tertiary strata; under Ammonean Forma- 
tions, he includes the subjacent rocks as far as the coal measures; and 
under Hemilysian Formations, all the remaining stratified rocks. The 
unstratified ones he divides into two classes ; the first, emhracing granite . 
and porphyry, is called Agahfsian; the second, embracing basalt, trachyte, 
and lava, is called Pyroidal. His three first classes he also denominates 
Seanidary; and the remaining class of stratified rocks, with the first di- 
vision of the unstratified, Primordial. ElemerUi de Oeologie, par J. J, 
lyOmaUus IVHaUay, Paris, 1831. 

Descr. Prof Alexander Brongniart, another distinguished French g;eo- 
logist, in 1829, proposed to embrace all the rocks under the Jovian Period, 
or the existing era; and the Saturnian Period, or the era preceding thf 
last revolution of the globe. His first period embraces only alluvium* 
which he divides into the AUuvial, Ijysian, and P'^ragenmts Formaiunis. 
His second period embraces, first, the Stratified or Neptunian Formalions, 
and secondly, the Massive or T)fphonian FormaUons. The first of these it 
divided into the Clysmian Formalions, or drift ; the Izemian Formalions, or 
the tertiary strata, apd the secondary as far down as the mountain lime- 
stone; Hemilysian FormalioJis, embracing all the remaining fossiliferous 
strata; aud the Afahfsian Formations, which include all the primary strati- 
fied rocks. His Typhonian class he divides into the Plutonian, and Vulca- 
nian Formations. Tableau des Terrains, <^c. par Prof. Al. Brbngniarf^ 
Paris^ 1829. 

Descr. Rozet, another French author, in 1835, divided all rocks into 
two great Series, the first embracing the stratified, and the second the un- 
stratified rocks. His first series he refers to six geognostic epochs, the 
first embracing alluvium, the second drift, the third the tertiary strata, the 
fourth the subjacent rocks as deep as the coal measures, the fifth the 
remaining ibssiliferous rocks, and the sixth the non-fossiliferous stratified 
roqks. Traile Elementaire de Geologic, par M. Rozet, Paris, 1835. 

Descr. Dr. Mantell proposes a chronological arrangement of the rocks. 
His two great classes are the Fossiliferous Strata, and the MetammpMc 
Rocks : the latter embracing the unstratified rocks as well as the stratified 
primary. Under Modem and Ancient AUavium, he places alluvium and 
drift. Next come the TWtiary &arata : then, as the first group of the 
secondary formations, the Cha^ or Cretaceous System. The second group 
is the Weatden; the third, the Odilei the fourth, the Lias; the fifth, the 
Saliferous Strata; the sixth, the Carboniferous System, or Coal; the 
seventh, the Silurian System, or upper members of the gray wacke series ; 
and the eighth, the Cambrian or Graywacke System. His metamorphie 
rocks comprehend three groups. 1. Mica Schist. 2. Gneiss. Z.. Granite. — 
ManteWs Wonders of Geology, Vol. 1, p. 178, London, 1838. 

Descr. Professor John Phillips divides all rocks into the stratified and 
unstratified : and then, like De la Beche and Dr. Buckland, he does not 
attempt to distribute the latter among the former, but treats of each class ^ 
s^arately. The stratified class he thus subdivides. Alluvium and drift 
are placed under Superficial Accumulations, and denominated, AUuvial 
Depositions and Diluvial Depositions. The tertiary strata he divides into 
the Crag, 'Freshwater MarU, and London Clay. The secondary strata, 
which extend to the bottom of the old red sandstone, he divides into th* 
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OreUeemu System, the OoUHc System^ the SaUferms or Red Sandsbme 
System, and the Carbottiferaus System, Next succeed hh Primary Strata^ 
which embrace the Silurian System, the Cambrian or Qraywacke Syntem^ 
the Skiddaw or Clay SkUe System, ike Mica Schist System, and the Gneiss 
System. The subdiviiion of these systems may be seen in the accompanying 
table. TreaL on Cfeol. from the Encydopmdia Bntaimica, Vol. 1. Edifn" 
bureh, 1838. Also a Treat, on'Qeol. in 2 VoU. London, 1837, and 1839, in 
Cabinet Library. 

Descr. In 1^40, Dr. John Pye Smith made the following division of 
the Strata. His TYrtiary Class anbraces all the rocks above the chalk, 
divided in a descending order into Surface Soil, Beds of Rivers tmd Lakes: 
PlisUfcene, embracing sea bottoms, coral rocks, peat, marls and travertins : 
Pliocene or drift, sands and clays, and limestones, sach as the English 
crag; Miocene, and Eocene. His Secondary Class embraces the Cretaceous, 
Oolitic, PadlUic, (new red sandstone,) Carboniferous, and Old Red Sand- 
stone Groups, His Primary Fossiliferous, doss embraces the Silurian and 
Cambrian Systems; and his Metamorphic Class embraces the Cwmbrian 
(chiefly clay slate,) Mica Schist and Gneiss Systems. On the RelaHon 
between the Hoby Scriptures and Some Parts of Geological Science, Second 
Edition, p. 375, London, 1840. 

Descr. The most important changes in the classification of the strati- 
fied rocks that have of late been proposed, are those by Dr. Mnrchison, 
and Professor Sedgwick, in the group that has longr been known under 
the general name of graywacke. The former gent&man, after years of 
study, has produced a splendid quarto, with a geological map, upon the 
upper members of these strata, which he denominates the Silurian Group, 
because it is well developed in the ancient British kingdom of the Silures. 
The lower members of the graywacke with some slates. Prof. Sedgwick 
denominates the Cambri^nn System, because fully developed in North Wales. 
Phillips's Treatise on Geology, Vol. 1, jp. 56. Prof. Sedf[wiek has recently 
presented his views of the classification of all the stratified rocks below the 
old jeA sandstone. His first class, or the lovrest, is denominated Primcay 
Stratified Groups, comprehending gneiss, mica slate, quartz roek, &c. His 
second class he calls Palaozoic Juries: which is thus subdivided. 1. The 
Lower Cambrian System. 2. The Upper do. 3. The Silurian System, 
Philosophical Magazine, for 1838, p. 299. 

Rem. I. De la Beche objects to these substitutes for graywacke, except 
as mere local designations, on the ground that it is unwise to change old 
terms, until we can be sure that the new terms will answer for the whole 
earth. Rqport on the Geology of Cornwall and Devonshire, p. 38, London, 
1839. 

Rem. 2. Dr. Buckland in his Annivenary Address before the London 
Geological Society in February, 1841, makes the following judicious re^ 
marks ui>on this subject. *^ The term ^ywacke," says he, " I rejoice tc 
think, will not be condemned to the extirpation which has been threatened 
firom the nomenclature of geology : it may still retain its place as a generic 
appellative, comprehending the entire transition series of the school of 
Freyberg and divisible into three great subordinate formations; the Devo- 
nian System of Sedgwick and Murchison being equivalent to the upper 
graywacke ; the Silurian to the middle graywacke, and the Cambrian to the 
lower." Annals and Mag. of Nat. Hist. No. 40, F^. 1841. p. 4Sn. 

Descr. A classification founded upon paleontolc^cal principles has 
been suggested by several writers, and in the following table one of thig 
eharacter has been added, copied chiefly from Mr. Lyell. It is believed 
that at least six groups of animals and plants, too unlike to have lived in 
he same jcondition of the earth, can be traced in the organic lemaina fouid 

4V 
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ilk the TQtko* The iivi group emtiraces the terCuury itraU ; the Mooiid, the 
cretaceoiw ; the third, tM oolitic ; the fourth, the opper new red eindstone, 
embracing the limestone called by the Grennana MuscheUcaOc ; the fifth, the 
lower new red sandstone, the coal formatien, and the old red sandstone; 
and the sixth, the remaining fossilifermis strata. This arrangement, how- 
ever, will probably require some modifications, when organic remains shall 
be more extensively studied. L/ycWs ElemtnU of Cieology, p. 380. 

Kem. 1. The following table affords a synontical view of most of the 
systems of classification that have now been described. More full de- 
scriptions of these systems may be found in the works referred to above. 
It sLould be recoUeeted that these systems have been mostly derived from 
the study of the rocks of Great Britain, and a part of the continent of 
Europe. But in their great outlines they are found to i|pply almost equally 
well to all other parts of the globe hitherto examined. This table embraces 
only the stratified rocks. Ti^ unstratified class will receive more attention 
in a subsequent section. 

Bern, % It was desirable thus early to describe the most im^rtant 
QTitems of classification adopted by geologists ; yet in doing it, it was 
necessary to presume upon a knowledge of some fiiicts by the reader, which 
have not yet been explained. 

Rtm, 3. A cursory view of the taUe is apt to convey the impression that 
almost evfifi^ thing relating to the classification of rocks is unsettled, and 
that there m scarcely any agreement among the different systems. Some 
explanations and inferences, therefore, seem desirable, to present the 
subject in its true light. 

Prm. In jud^ng of a classification of natural objects, it is important 
that we distin^ish natural from artificial characters. Thus, in botany, 
plants may be divided into classes and orders depending upon the number 
and situation of the stamens and pistils of their flowers ; or upon the nn- 
atomieal structure of the plant. ^ By the first arrangement we shall bring 
together plants the most unlike in their general properties ; and therefore, 
there is no necessaiy connexion between those poperties and the number 
and situation of the stamens, and pistils, and nence such characters are 
artificial or arbitrary. But those plants which are alike in anatomical 
structure, correspond in most c^ tneir properties; and such characters, 
therefore, are natural. 

Inf. 1. In applying this principle to rocks, we find first, that their 
division into stratified and unstratified is natural: that is, it brin^ to- 
gether those kinds whose origin and other important characters are similar. 
Now we shall find that this division enters into nearly all the more recent 
systems of classification that have been described. 

Inf, 2. In the divinon of the rocks into fossiliferous and nonfossiliferous, 
all geologists agree : and in fact there is scarcely a possibility of disagree- 
ment on this point: So that here we have another important natural 
character as the basis of classification. 

Inf. 3. In nearly all the systems of classification, the larger formations 
xoincide-; which is a presumptive proof that they are natural; since so 
many different observers agree in forming their boundaries. These forma- 
tions ouffht perhaps to be regarded as the ^cies in geology. 

Inf. 4. Classification founded upon the relative age of different rocks, is 
entirely natural, because all observers agree that they were produced at 
difiierent times. But as superposition and organic remains are tne only safe 
criteria of relative age, there is ^ond for a diversity of opinion in assign- 
ing places to the different formations ; since these criteria can be ascertained 
■ometimes only imperfectly. 

Jnf, 5. ChanuJen dependent up<m theoretical coosidentbmi no aiti^ 
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flcial, unee few of the Uieoiies are bo certainly wttled as not to be liable 
to considerable modification. Hence such terms as primary^ transition, 
secoodajry, tertiary, drift, &e. are objectionable, if they are not understood 
to refer simply to soperpositfon. 

JRem. Neology is often a greater evil in science than the continued use 
of objectionable terms ; continued, I mean, until ttfrms are proposed which 
are so decidedly good as to force themselves into use. It is partly on this 
ground that the terms primary, transition, secondary, and tertiary, still 
continue in use. But it is partly, also, because, apart from theoretical views, 
there does exist in nature some foundation for a division of the rocks into 
groups of this sort. Still those more numerous groups or Ibrmations into 
whicn the best geologists now divide rocks, are much more natural ; and it 
is to be hoped that they will soon come into general use, so as to exclude 
the terms primary, secondary^ dicci 

Inf. 6. Characten fi>unded uoon lithological distinctions are artificial, 
lot the same reason that those aerived from the number of stamens and 
pistils are bad in botany. 

M. 7. Discrepancy in classificati<m often springs from earrjriog the 
subdivisions of a formation too &r, for the same reason that characters in 
botany and zoology could not be depended on, that were derived firom the 
Tarieties of a species. 

Inf. 8. Finally, it appears that in all the essential principles 
of the classification of rocKS, geologists are nearly agreed. TTiey 
all admit one class to be stratified and another unstratified : — 
one portion of the stratified rocks to be fossiliferous and another 
portion not fossiliferous. And they generally agree, also, as to 
the extent of the different distinct formations ; although some 
would make their number greater than others, — -just as it is in 
respect to species in mineralogy, botany, and zoology. Now 
these three principles are all that are essential for classification ; 
and some of the oest geologists, as may be seen by the table, 
limit themselves to these. But if others choose to subdivide the 
formations still farther, and to refer the groups to primary, se- 
condary, &c. classes, even though they differ widely here, it 
must not be hence inferred that they are at variance in respect 
to the essential principles of classification. 



SECTION II. 

THE CHEMISTRY AND MINERALOGY OF GEOLOGY. 

Descr. Of the fifty-four simple substances hitherto discovered, 
sixteen constitute by their various combinations, nearly the 
whole of the matter yet known to enter into the composition of 
the elobe. They are as follows, arranged in three classes, ac- 
cording to their amount; the first in each class being most 
abundant 



Digitized 



by Google 



44 filKPLB SUBSTANCS8 IN THS BOCK8. 

1. Metalloids^ or the bases of the earths and alkaUes. 

1. Silicium. 2. Aluminium. 8. Potassium. 4. Sodiumi 
5. Magnesiumu 6. Calcium. 

2. Metals Proper^ 
1. Iron. 2. Manganese. 

3. Nan Metallic Substances, 

l: Oxygen. 2. Hydrogen. 3. Nitrogen. 4. Carbon. 6. 
Sulphur. 6. Chlorine. 7. Fluorine. 8. Phosphorus. De la 
Beche^s Researches in Theoretical Geology^ p. 22. Amherst, 1837. 

Descr. The metallic substances mentioned above, united with 
oxygen, constitute the great mass of the rocks, consolidated and 
unconsolidated, accessible to man. Oxygen also forms twenty 
per cent, of the atmosphere, and one tnird part by measure of 
water. Hydrogen forms the other two thirds of this latter sub- 
stance ; and it is evolved also from yolcanos, and is known to 
exist in coal. Nitrogen forms four &fths of the atmosphere, and 
enters into the composition of animals, living and fossil. It is 
found also in coal. Carbon, however, forms the principal part 
of coal ; and it exists likewise in the fojm of carbonic acid in the 
atmosphere, though constituting, only one thousandth part 
Liebigs Organic Chemistry^ p. 74. First Amer. Edition^ 184U 
and it forms an important part of all the carbonates, and is pro- 
duced wherever ve^table and animal matters are undergoing de- 
composition. Sulpnur is found chiefly in the sulphurets and 
sulphates that are so widely disseminated. Chlorine is found 
chiefly in the ocean, and in the rock salt dug out of the earth. 
Fluorine occurs in most of the rocks, though in smaHproportion. 
Still less is the amount of phosphorus, though widely diflused 
in the rocks and soils, and abundant in organic remains. 

Descr. Nearly all the simple substances above mentioned 
have entered into their present combinations as binary com- 
pounds ; that is, they were united two and two before forming 
the present compounds in which they are found. The following 
constitute nearly all the binary compounds of >the accessible 
parts of the globe* 

1. Silica. 2. Alumina. 3. Lime. 4. Magnesia. 5. Po- 
tassa. 6. Soda. 7. Oxide of Iron. 8. Oxide of Manganese. 
9. Water. 10, Carbonic Acid. 

Obs. It is meant only that these binary compounds, and the sixteen 
simple substances that have been enumerated, constitute the largest part 
oftne known mass of the globe: for many other binary compounds, and 
probably all the known simple substances are found in small quantity in the 
rocks; but not enough to be of importance in a geological point of view. 
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Deser. It bas been ealculated Hkni oTreeOi constitotes 50 per 
eent. of tbe ponderable matter of tke globe, and that its ennt 
contains 45 per cent, of silica, and at least 10 per eent of ah* 
mina. Potassa constitutes nearhr 7 per eent. or tbe nnstratified 
rocks, and enters largely into the composition of some of tbe 
stratified class. . Soda forms neaily 6 per cent, of some basalts 
and otber less extensive nnstratified rocks ; and it enters largely 
into tbe composition of tbe ocean. lime and magnesia are dif- 
insed almost nniTcrsally among tbe rocks in tbe form of sili- 
cates and carbonates, — ^tbe carbonate of lime barine been esti- 
mated to form one seventb of tbe crust of tbe globe; at least 
tbree percent, of all known rocks are some bntarj combinati(m 
of iron, sncb as an oxide, a sulpburet, a carburet, fee.; manga* 
nese is widely diffused, but forms mucb less tban one per. eent 
of tbe mass oi rocks. 

Descr, The foUowmg table presents an approximate estimate of the 
mean aisocint of roetalhc bases and of oxygen in some of the impoEtant 
locks. PkiUips*8 TVeaJtise on Geology, Vd. 1, p. 24. 

100 parts of Granite— 52 Metallic Basis 48 Oxygen. 
" Basalt— 57 « 43 '^ 

Gneiss— 53 •« 47 *• 

Clay Slate— 541 " 46 " ' 

Sandstone— 49 to 53 « 47 to 51 

Limestone— ^2 " 48 " 

Descr, The following table shows the approximate amount of silica 
and almaina in the most important rock& 

Granite, 69,40 12,34 

Greenstone, 54,86 15,56 

Basalt, 52^ 14,12 

ComiMbct Felspar, 55,50 21,00 

Gneiss, 70,96 15,20 

JMica Slate, 67,50 14,26 

Hornblende Rock, 54,86 15,56 

Talcose Slate, 78,15 13,20 

See De la Beckers Researches in Tkeoreticai Oeology, p. 29 and 30. Also 
TYaite Ekmentavre de Mineralogie, par S. P» Beudant, Tbme 1, p, 112. 
Paris, 1830. 

Descr. Seven or eight simple minerals constitute tbe great 
mart of all known rocks. These are 1, Quarts ; 2, Felapsr; 3, 
Mica; 4, Hornblende and Augite; 5, Carbonate of Lime; 6, 
Talc, embracing chloric and soapstone ; 7, Serpentine. Oxide 
of iron is also very common ; but it does not usually show itself 
till the decomposition of tbe rock commences. 

Obs. The student of geolo^ should become very thoroughly conTersant 
with these minerals in m\ their modifications : for in the rocks their cha- 
racters are often very obscure. 

Descr. Other minerals forming rocks of small extent, or en- 
tering so largely into their composition as to modify tbeir cbfr 
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raoter, aie the foUawing: m]dta^te of lime, diallage, cbloride of 
sodium (common salt), coal, bitumen, garnet, schorl, staurotide^ 
epidote, olivine, pyrites. 

Descr, A few of these minerals exist in so large masses as 
to be denominated rocks; ex. gr. quartz, carbonate of lime, &e. 
but in general, from two^to four of them are united to form a 
' rock ; ex. rr. quartz, felspar and mica, to form granite. In some 
instances the simple minerals are so much ground down, pre- 
viously to their consolidation, as to make the rock appear ho- 
moeeneoi^: ex. gr. shale and clay slate. 

Descr. Water constitutes a part of nearly all rocks ; but in 
most cases it appears to be mechanically combined ; for with one 
or two exceptions, it does not exist in the simple minerals that 
enter into the composition of rocks. 

Obs, In the simple miDerali that have been enumerated, analyns 
has detected water only in the following. 

Sulphate of Lime (Gypeum), 19,88 per cent 

Serpentine, 12,75 

Diallage, 8^ 

' Talc, 4,20 

Pyroxene (a ftw varieties), 3,74 

Mica, 2,65 

auarts, 1,62 

Hornblende, 0,55 

Geological Sittuition of Useful Rocks and Minerals, 

Prin. The rocks and minerals useful in an economical point 
of view, are in a few instances found in almost every part of 
the rock series : but in a majority of cases, they are connned to 
one or more places in that series. 

EzampleSi 

Qraniie. Syenite, amd Porpkyry: found intruded amoncr all the stratified 
rocks as high in the series as the tertiary strata : but they are almost En- 
tirely confined to the primary rocks. De ui Beckys Manual^ p. 94. 

GreensUme and BasaM are found among and overljing all the primary and 
secondary rocks: but they are mostly connected with the secondary strata. 
, MaccuUock*s System of Geology, Vol. 2, p. 102. 

Lava, some Tarieties of which, as Peperino, are employed in the arts, 
being^ the product of modem Tolcanos, is found occasionally overlying every 
lock in the series. 

C2ay: the common varieties used for bricks, earthen ware, pipes, Ac., 
occur almost exclusively in the tertiary strata : but we have reason to think 
some of them belong to the period of drift. Porcelain clay results fiom the 
decomposition of granite, and is found in connection with that rock. 

Marlj or a mixture of carbonate of lime and clay, is confined to the 
alluvial and tertiary strata : and differs from many varieties of limestone, 
only in not being consolidaled. 
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Lmett^ne^ from which every Tarie^ of marUe, one Tarietj of alabaster, 
and every aort of quicklime are obtained, is found in almost every ^roc^t 
stratified and unstratified, below drift. In the oldest stratified rocks 
and in the unstratified, it is highly crystalline ; and in the newest strata 
(ex. gr. chalk) it is often not at i3l crystalline. The most esteemed marbles 
are obtained from the newer primary and older secondary strata. 

Serpentme occurs chieflj m connection with the older stratified rocks. 
This is generally the case in N. England. It is found, however, with some 
secondary rocks, and not unfrequently with trap rock. 

SulphaU of Lime^ or Cfypsufftf which produces one variety of alabaster, 
and is employed for taking casts, forming hard mortar, and spreading 
upon land in the state of powder, occurs chiefly in the new red sandstone 
series. It is found also in the lias, oolite, green sand, and tertiary strata. 
In this country it is found associated with the oldest of the secondary 
(transition) rocks. 

Rock Salt (Chloride of Sodium) is frequently found associated with 
gypsum in the new red sandstone. It occurs also in the supercretaceous 
or tertiary strata; as at the celebrated deposite at Wieliczka in Poland; 
and in Sicily, and Cardona (Spain), in cretaceous strata: in the Tyrol, 
in the Oolites ; and in Durham, England, salt springs occur in the coal for- 
. mation. In the United States they issue from the Silurian rocks. Buck^ 
lawTs BridgewaUr TreaUse^ VtA. l, p.T2. De la Beche's Manual^ p. 246. 

Descr. If vegetable matter be exposed to a certain degree of moisture 
and temperature, it is decomposed into the substance called pealj which is 
dug from swamps, and belongs to the alluvial formation. 

iJjpvUe or Brown Coal^ the most perfect variety of which is jet, is found 
chiefly in the tertiary strata; sometimes in the higher secondary; and 
appears to be peat which has long been buried in tho earth, and has under- 
gone certain chemical changes, whereby bitumen has been produced. It 
generally exhibits the vegetable structure. 

Bituminous Coal appears to be the same substance which has been 
longer buried in the earth, and^as undergone still farther changes; though 
their precise nature is not well known. Its principal deposite is in that 
part of the secondary series called the coal formation, or coal measures, 
but it occurs in small quantity in the new red sandstone series, in England, 
Poland, and Massachusetts: and in Scotland it is worked in the lias 
limestone. A thick bed of it has also been found in the plastic clay of the 
tertiary strata in Hesse. Conybeare^s Report (1832) on Geology to the 
BrUisk Association, p. 390. AJiso^ Philosophical Magazine^ Vol. 2. New 
Series, p. 101 and 108. 

Obs. The French geologists describe a variety of coal intermediate in 
Its characters and position between cannel coal and lignite: but it is 
doubtful whether on strict mineralogical principles even lignite can be 
separated from Intuminous coal. See Tableaux des Terrains par Al. Brong" 
niarf, and T^aite Elementaire de Mineralogie par F. S, Beudant. 
^ The principal deposite of anthracite in Europe, is in the graywacke forma- 
tion; and it is supposed that this substance is common coal which has 
undergone still fartner changes and lost its bitumen. In this country, 
however, there is reason to suppose that the vast deposite of anthracite in 
Pennsylvania, the largest in the world, is associated with the common coal 
measures. See Prof. U D. Roger^ Second Anntud Report on the Geological 
Egepforation qf the State of Petmayloama, 1838. 

The anthracite of Rhode Island, and the southeastern part of Massa- 
chusetts is in a rock whose exact place in the series has not_ been satisr 
factorily determined. ' But probably it may belong to the coal formation. 
In Worcester, the anthracite occurs in a sort of bastard mica slate. On 
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the continent of Europe, It oecun «ko in nuea ilale, in primary iimeetone 
and in gneiss. MacoaHodiCs System qf Geology ^ Vol. 2, p. 296. 

Pro£ Alexander Brongniart deecribes a true anthracite as occurring la 
the plastic clay of Mount Meissner in Hesse. This, however, appears to 
have been formed from bituminous coal by the action of igneous rocks; 
and such cases have led some geologists to suppose that anthracite was 
always thus produced. It occurs in small quantities in almost all the 
stratified rocks from the oldest to the plastic clay. 

Graphite^ PlwmJbago^ or Blade Lead^ appears to be anthracite which has 
undergone still fiirther mineralization: at least, in some instances, when 
coal h»» been found contiguous to igneous rocks, it is converted into 
plumbago; and hence such may have oeen the origin of the whole of it. 
in the ^ips ^umbago is found in a clay slate that lies above the Has. 
AnnaUa dea Sdencea Natwdlea, Ihme XV. 1828. p. 377. It is found also 
in the coal formation. TVaUe EleTruntavre dt MinerahogU par F. 8, 
JBcudantf T<me 2, p. 263. 

Descr. All the varieties of coal that have been described^ 
occur in the form of seams, or beds, interstratified with sandstones 
and shales : and most usually there are several seams of coal 
with rocks between them ; the whole being arranged in the form 
of a basin. Fig. 31, is a sketch of the great coal oasin of South 
Wales, in Great Britain ; which contains twenty-three beds of 
coal; whose united thickness is ninety-three feet. When we 
consider how much this arrangement facilitates the exploration 
and working of coal, we can hardly doubt but it is the result of 
Divine Benevolence. 



Fig. 31. 




Descr. The Diamond, which is pure crystallized carbon, has 
been found associated with new red sandstone at Golconda in 
South America, and at Panna in India. This rock there is in 

Sroximity with, and based upon granite, and perhaps the crystal- 
zation of the carbon resulted from this cause. Edinburgh 
Journal of Science, Vol. X. p. 184. Conyheare^ s Report on 
Geology, p. 395 and 398. In general, the diamond is found in 
drift ; having been removed from its original situation ; and we 
may always presume that every mineral existing in the older 
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lockfl will be foimd also in drift; because their detritiui rnuit 
•contain thenL 

Inf. It bas been inferred from tbe preceding facts, that all 
the varieties of carbon above described, had their origin in vege- 
table matter ; and that heat and water have produced all the 
varieties which we now find. MaccullocKs System of Geology^ 
Vol 2. p. 297. 

AlmoBt all the predons stones, sach sb the sapphire, emcraldi spinel, 
cfarysoberyl, chrjsoprase, topaz, iolite, i^net, tottrmaline, chalcedony, 
amethyst, &c. are found exclusively in the oldest and most crystalline 
rocks. Gluartz in the various forms of rock crystal, chalcedony, carnelian, 
eacholong, sardonyx, jasper, &c. is found sometimes in the secondary 
strata, and especially in the trap rocks, associated with the secondary 
formations. 

Descr. Some of the metals, as platinum, gold, silver, mer- 
cury, copper, bismuth, &c. ^xist in the rocks m a pure, that is, 
a metallic state ; but usually they occur in the state of oxides, 
sulphurets, and carbonates, and are called ores. It is rare that 
any other ore is found in sufficient quantity to be an object of 
exploration on a large scale. 

Descr. These ores occur in four modes: 1. In regular 
interstratified layers, or beds. 2. In veins or fissures, crossing 
the strata and filled with ore united to some gangue or matrix. 
3. In irregular masses. 4. Disseminated in small fragments 
through the rocks. 

Descr. Iron is the only metal that is found in all the forma- 
tions in a workable quantity. Among all its ores, only four 
are wrought for obtaining the metal : viz, the magnetic oxide, 
the specular or peroxide, the hydrated peroxide, and the proto- 
carbonate. 

Manganese occurs in the state of a peroxide and a hydrate; — ^and is 
confined ^ to the primary rocks ; except an unimportant ore called the 
earthy oxide, which exists in earthy deposites. 

The most important ores of copper are the pyritous copper and the 
carbonates. These are found in the primary rocks, and as high in the 
secondary series as the new red sandstone; in one instance in tertiary 
strata. Wonders qf Geology, Vol. 2, p. 651. 

The only ore of lead of much importance is the sulphuret. This 
generally occurs in the primary 'rocks both stratified and unstratified; but 
it exists also in the newer rocks as high in the series as the lias. 

The deutoxide of tin is the principal ore of that metal. This is most 
commonly (bund in the oldest formations of gneiss, granite, and porphyry: 
also in the porphyries connected with red sandstone. It is found likewise 
in quantity sufficient to be wrought in drift. 

Of zinc the most abundant ore is the sulphuret, which is commonly 
associated ;B7ith the sulphuret of lead, or galena. Other valuable ores are 
the carbonate, silicate, and the oxide, whicn occur in secondary rocks. 

The most common ore of antimony, the sulphuret, has iutherto been 
found chiefly in granite, gaeisB, and mica slato. 

5 
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The prineipal ore of mercury, the snlpharet, occnn efaieiiy in new red 
iiandstone : — sometimefl in a sort of mica slate. 

Silver in its three forms of a sulphuret, a sulphuret of silver and anti- 
mony, and a chloride, baa been found mostly in primary and transition 
slates: — sometimes in a member of the'new red ^8andBt6ne series; and in 
one instance in tertiary strata. Wonders qf Geology^ Vol, 2, p. 651. 

Gold and platinum always occur in a metallic state; and they have 
usually been explored in drift. They are often associated, however, 
with the older rocks ; and in this country especially, a gold deposite has 
been traced from Canada to the southern part of Georgia, and the metal is 
embraced in the talcose slate formation, in veins, usually of quartz. It is 
found also rarely in gray wacke, and even in tertiary strata. 

Cobalt, bismuth, arsenic, &c. are usually found associated with silver, 
or copper; and of course occur in the older rucks. The other metals, 
which, on account of their small economical value, and minute quanti^, 
it is unnecessary to particularize, are also found in the older strata ; fre- 
quently only disseminated, or in small insulated masses. 

Oba. An excellent and much more extended view of the geological 
situation of useful minerals, may be found in Beudant's TraiJU Elanen' 
tcarc de Mmerab^^, Thme Premier^ lAorc Q^artitmt : ParUy 1830. 

Inf. It appears from the facts that have been detailed respect* 
ing the situation of the useful minerals, that great assistance in 
searching for them may be derived from a knowledge of rocks 
and their order of superposition. 

llku. No seoiogist, for instance, would expect to find valuable beds of 
coal in the oklest crystalline rocks, nor in the tertiary strata ; but in the 
secondary fossiliferous rocks alone: and even here, he would have but 
feeble expectations in any other rock except the coal ibrmation. What a 
vast amount of unnecessary expense and labor would have been avoided, 
had men, who have searched for coal, been always acquainted with this 
principle, and able to distinguish the different rocks ! Perpendicular strata 
of mica and talcose slate would never have been bored into at great ex- 
pense, in search of coal: nor would schorl have been mistaken for coal, 
as it has been I 

By no mineral substance have men been more deceived, than by iron 
pjrrites : which is very appropriately denominated foob* gold. When in a 
pure state, its resemblance to gold in color is often so great, that it is no 
wonder those unacquainted with minerals, should suppose it to be that 
metal. Yet the merest tyro in mineralogy can readily distinguish the two 
substances ; since native gold is always malleable, but pyrites never. This 
latter mineral is also very liable to decomposition, and such changes are 
thereby wrought upon the rocks containing it, as to lead the inexperienced 
observer to imagine that he has got the clue to a rich depository of mineral 
treasures ; and probably nine ont of ten of those numerous excavations that 
have been made in the rocks of this country, in search of the precious 
metals, had their origin in pyrites, and their termination in disappomtment, 
if not poverty. This ore also, when decomposing, sometimes produces 
considerable heat, and causes masses, of the rock to separate with an 
explosion. Hence the origin of the numerous legends that prevail respect- 
ing lights seen, and sounds heard, in the mountain where the supposed 
treasure lies, and which so strongly confirm the ignorant in their expecta- 
tion of finding mineral treasures. Now all this delusion would be dis- 
sipated in a moment, were the eye of a geologist to rest on such spots,, or 
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w^re the elcmentaiy princiiflM o( geology moie widely diffoeed in the 
commuiiity. 

Another common delusion respects gypsum; which is ae ofVen sought 
among the primary, as in the secondary and tertiary rocks: although 
it is Tloubtliil whether primary gypsum has ever been found. A few 
years since, however, a farmer in this country supposed that he had dis- 
covered gypsum on his farm, and persuaded hjs neighbours that such was 
the case. They bought lar^ quantities of it, and it was ground for 
agriculture, when accidently it was discovered that it was only limestone : 
a fact that might have been determined in a moment at first, by a single 
drop of acid. 

Caution. It ought not to be inferred from all that has been 
said, that because a mineral substance has been found in only 
one rock, it exists in no other. But in many cases we may he 
almost certain that such and such rocks cannot contain such and 
such minerals. Of these cases, however, the practised geologist 
can alone judee with much correctness, and hence the importance 
of an extensive acquaintance with geolo^ in the community. 
An amount of money much greater Uian is generally known, has 
been expended in vain for the want of this knowledge. 

Oba. The chemical changes which rocks have undergone since their 
deposition, as well .as the operation of decompoeing agents to which they 
are now exposed, properly belong to the chemistry of geology. But these 
points will be deferred to subsequent sections; because they will there be 
Detter understood. 



SECTION IIL 

THE LITH0L06ICAL CHARACTERS OF THE STRATIFIED ROCKS. 

Def. The lithological character of a rock embraces its mine- 
ral composition and structure as well as its external aspect, in 
distinction from its zoological and botanical characters, which 
refer to its organic remains. 

Rem. I shall describe the stratified rocks under the names and in the 
order in which they are given in the Tabular Synopsis at the close of Sec- 
tion 1. They are, however, arranged into Uroups or Systems, nearly 
corresponding with those of Professor John Phillips. I have also arranged 
these systems, under the terms Alluvium, Drifl, Tertiary, Secondary, and 
Primary; — not because I feel satisfied with these terms; but chiefly 
because they have become so incorporated with geological descriptions that 
their use is still convenitot, and but little liable to leiul the learner astray ; 
especially if he be forewarned against the hyoothetical intimations which 
they contain. 

1. ALLUVIUM. 

Descr, The following stratified deposits are the result of 
alluvial agency. 
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1. Soil. 


8. 


2, Sand. 




3. Peat 


9. 


4. Marl 


10. 


5. Calcareous Tnfti, 


11. 


or Travertin. 


12. 


6. Coral Reefs. 


13. 


7. Siliceous Sinter 


14. 



n MARLS. 

8. Siliceous Marl, or deposits of 
the skeletons of Iniusoria. 

9. Bitumen. 
Sulphate of Lime. 
Hydrate of Iron. 
Hydrate of Manganese. 
CMoride of Sodium (Sea Salt.) 
Geic Compound (Apothemite.) 

15. Sandstones, Conglomerates, and Breccias. 

Priiu Soil is disinteerated and decomposed rock, with such a 
mixture of vegetable and animal matter that plants will grow in it 

Proof, 1. We see almoet eveiy where the rocks crumbling down into 
soil. 2. Chemical analysis shows that the soils are composed generally of 
■Bka, alumina, lime, magnesia and iron, in about the same proportion as 
tliey are found in the rocks. Silica is much the most abundant ingredient 
3, The presence of organic matter is easily ivoved by burning it off. 

Deser, Vast accumulations of $and^ the result of alluvial 
agency, occur not merely m the bed of the ocean «nd in lakes, 
but also upon the dry land, where thej are called dunes or 
downs. These are composed almost entirely of silica ; and be- 
ing destitute of organic matter, cannot sustain veeetation. 

Descr. The manner in which peat is formed has already 
been explained in general terms. (Section II.) When perfect- 
ly forined, it is destitute of a fibrous structure, and is, when wet, 
a fine black mud : and when dry, a powder. It consists chiefly 
of the decomposed organic matter called gdne or humic acid, 
with crenic and apocrenic acids, phosophates, &c. part of which 
are soluble, and a part insoluble, in water. Tb^se deposits of peat 
are sometimes 30 or 40 feet thick ; but they, are not formed in 
tropical climates on account of the too rapid decomposition of 
the organic matter. 

Descr. Alluvial marl is usually a fine powder, consisting 
of carbonate of lime, clay, and soluble and insoluble geine ; and 
is found usually beneath peat in limestone countries ; sometimes 
at the bottom of ponds. It is produced partly by the decay of 
the shells of molluscous animals, and partly by the deposition of 
the. carbonate of lime from solution in water. It contains nu- 
merous small fresh water shells, and has received the name of 
shell marl. 

Method of detecting 'calcareous marl. The great value of this substance 
in agriculture, and the confusion that 'prevails in its description, render it 
desirable to point out a test by which it can be distinguished. That test is 
an acid of some sort, the common mineral acids, oil of vitriol, aqua fortis, 
and muriatic acid being the best ; but strong vinegar will answer. If the 
substance effervesce, when the acid is apphed, we may be sure that it is 
genuine marl : otherwise not. 
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Other kinds of marls, SevenU other substonces that contain no carbo- 
nate of lime have often been dendminated marl by agriculturiaCs and not 
without reason ; for they have produced effects analogous to those of calcar 
reous marl. But it seems very desirable that terms should not be applied too 
loosely, and I propose the following designations for these substances. 

Calcareous marl : that which contains carbonate of lime in any quantity. 

Siliceous marl: tbat in which silica predominates, and no calcareous 
matter is present. 

AUuminous marl: that in which clay predominates, and no calcareous 
matter is present. 

Green sand marl: that which contains green sand. This is the sub- 
stance that has been, of late employed with signal success as a fertilizer of 
land in New Jersey, Virginia, Delaware, &c. If it contain any carbonate 
of lime, the compound term Calcareo-green sand marl, miahi be employed. 

MaUutd of searching for aUuvial marl. The presence of marl beneath k 
peat bog can be determined with a good degree of certamty, by plunging a 
pole, — the rougher the better, through the peat, until it reaches the solid 
bottom of the morass; and, on withdrawing it, some of the marl if 
any exist, will adhere to the sur&ce; though a coating of the black mud 
may cover it. 

Descr. Calcareous tufa or tavertin, is a deposite of cftrbon- 
ate of lime, made by springs containing that snbstance in 
solution. It forms a solid limestone, sometimes even crystalline, 
and of considerable extent ; so as to be used for architectural 
purposes. Thermalr waters produce it most abundantly, as in 
Central France, Huneary, Tuscany, and Campagna di Roma : 
but it is also deposited by springs of the ordinary temperature, 
as at Saratoga and in the Appenines. Dr. Daubeni^s Report 
on Mineral and Thermal Waters, p. 66. London^ 1837. Also 
De la Beckers Manual of Geol. p. 158. Also Lyelts Prin, Geol 
Vol. 2. p, 198. Tavertin is also precipitated by rivers, as in 
Tuscany ; and at the mouths of riven on the coast of Asia Mi- 
nor. LyelPs Prin. Geology, Vol. 1. p. 397. Very similar are 
the concretionary calcareous deposits formed in caverns: those 
depending from the roof are called italactites, and those on the 
floor, staUigmites. 

Descr. Coral reefs are extensive deposits of carbonate of 
lime, formed bv myriads of polyparia, or radiated animaLs, in 
shallow water, m the south seas. Thej^ form the habitations of 
these animals : and of course are organic in their structure. 

Descr. ' Siliceous sinter, or tufa, is a deposit of silica^ made 
by water of thermal springs, which sometimes hold that earth 
in solution. Successive layers of sinter and clay frequently oc- 
cur, and these are sometimes broken up and recemented so as to 
form breccia. Prof. J. W* Webster in the Edinburgh Philoso- 
phical Journal, Vol. VI. 

Descr, Siliceous marl, or the^mZ shields of infusoria. Be- 
neath the beds of peat and mud in the primary regions of this 

5»- 
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country, a deposit often occurs from a few inches to several 
feet thick, which ahnost exactly resembles the calcareous marl 
that is found in the same situation. When pure,. it is white and 
nearfy as light as the carbonate of magnesia : but it is usually more 
or less mixed with clay. It is found by analysis to be nearly 
pure silica ; and it turns out to be almost entirely composed of 
the siliceous shields, or skeletons, of those microscopic animals 
called infusoria, or animalcular, which have lived and died, in 
countless numbers in the ponds at the bottom of which this sub- 
stance has been deposited. 

Rem, The discoveiy of this curious fact (concerning which more will he 
said in a subsequent section,) in relation to this country, was made by Prof. 
Bailey of West Point. American Journal of Science^ Vol. 35. p. 118. 
Analogous substances occur in Europe : and the most of that just described, 
appears to be identical with the Bergmshl of Prof Ehrenberg. 

Descr. Some springs produce large quantities of bitumen in 
the form of naptha ana asphaltum. Their localities and extent 
will be described in a subsequent section. 

Descr. Although sulphate of lime very generally exists in 
the waters of springs, yet it is rarely deposited. One or two 
examples only are' mentioned, where a deposit of this salt has 
been made : as at the baths of San Philippo in France. De la 
Beckers Manual, p, 158. 

Descr. Hydrate of iron or hog ore, is a common and abundant 
deposit from waters tnat are capable of holding it in solution; and 
it appears also, that this ore is often made up of the shields of 
infusoria, which are often ferruginous. TVonders of Geology, 
Vol. 2. p. 660. 

Descr. The hydrate of manganese, also, by a somewhat sim- 
ilar process, is frequently deposited in the form of the earthy 
oxide, or wad, in low grounds : and it can hardly be doubted but 
it is an alluvial product. Report on the Geology of Massachvr 
setts, 2d Edition, p. 130. ^ 

Descr, Chloride of sodium or rock salt, is very rarely de- 
posited from its solution in water so as to be visible, though 
some have supposed that this deposition does take place exten- 
sively at the bottom of such seas as the Mediterranean. It is 
said, however, to accumulate in some of the cavities of the rocks 
along the shores of the Mediterranean, in such quantities as to 
be collected by the inhabitants. 

Rem. The Rev. Justin Perkins, American Missionary, who resides on 
the borders of the Lake Ooroomiah in Persia, states in a letter, that the 
water of the lake rises five or six feet in the spring, and as it gradually 
subsides in the summer, " a very thin incrustation of salt is left on the 
land that has been overflown." He was also informed by a Nestoiiaa 
Bishop and others, that for some years past, the mean level of-4he waters has 
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been nring; and that fonnerly the deposit of salt was so ^reat mm to Ibrm 
permanent altematiog layers with sand. A specimen of this watef just le- 
ceived, contains about one quarter part of solid salts. 

Rem. 2. The waters of lake Elton in Asiatic Russia, and of other lakes 

adjoining the Caspian Sea, have deposited thick beds of rock salt at their 

bottom. DavhenY^ Rsport on Mineral and Thermal Waters fin 1836, p. 7. 

The same is true of lake Indersk on the steppes of Siberia. Ihr^s Oe^ogy, 

-p. 373. 

Descr. In Essex County, Mass. a curious substance of alluvial origin has 
been deposited in low grounds, which appears to be essentially a pergeate 
of iron, and which has received from Dr. Dana, the name of apotkemiie. It 
will probably be found in many places, and seemed to deserve a passing 
notice amon^ the products of alluvial action ; although for details 1 must 
refer to another place. I^tuU Report on the Geology oJ^Massach'usettSjp. 104. 

Descr, Allumal saiidstone, conglomerate^ and breccia^ are 
formed by the cementation of sand, rounded pebbles, or angular 
fragments, by iron, or carbonate of lime, which is infiltrated 
through the mass in a state of solution. They are not very 
common, nor on a very extended scale. 

Def. When sand is cemented, the solid mass is called sand- 
stone : rounded pebbles produce a conglomerate otplum pudding 
stone ; and angular fragments, a breccia, 

Def. The varieties of alluvium, that have been described 
may be regarded as a formation in the ecological sense : and 
the period during which such a group is m the progress of de- 
position, that is, until some important change takes place in . 
the material or mode of production, is called a geological pe- 
riod : and the point of time when the change occurs, is called 
an epoch, 

2. DRIFT (formerly DILTTVIUH.) 

Rem. There is more diversity of opinicm respecting the origin of this 
formation, than on almost any other subject of geology. Hence it has re- 
ceived a great variety of names; such as diluvium, drift, bffiolder form^aUon, 
erratic Uock growp, ^. The term Eluvium literally implies that it has 
been the result of a deluge, and is therefore, objectionable. The term 
drift appears at present to be preferable, and is therefore used. 

Descr, The great mass of drift is composed of sand and gra- 
vel of difierent degrees of comminution, mixed together con- 
fusedly. This gravel is often not derived from the rocks be- 
neath it, but from those at a distance of several miles, and in 
this country usually form ledges which lie in a north-westerly 
direction. The surface of this gravel is often scooped out into 
deep basin-shaped depressions, and raised into corresponding ele- 
vations, the difference^ of level being sometimes 20 or 3p and even 
,100 or 200 feet. 

Descr. ^ Scattered through this gravel, are rounded masses 
of rock larger than pebbles, which are called bowlders : and as 
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they are frequently found a great distance from the place of 
their origin, they are also denominated erratic blocks and lost 
rocks. Oftentimes these bowlders lie insulated upon the surface, 
and even upon the crests of mountains. 

Def. when they happen to be thus insulated upon other 
rocks, and so poised that a small force will make them oscillate, 
they are called rocking stones. 

Fig. 32, exhibits a rocking stone in the west part of Bane, Mam, 

Fig. 32. 




Roddng Stone: Barre. 

Fig. 33, shows a rocking stone in Fall River, Mass., poised upcm gvanite, 
and weighing 160 tons. 

Fig. 33. 



Backing Stone : Fall Hiver. 



Descr. On many plains through which no existing stream 
now passes, and lying over the gravel above described, we find 
thick beds of sand and clay, deposited in a much more quiet 
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manaeE tKan conunon drift, and yet iq[>parently neur thi okiie 
of the same period. The miual order ok the series is, first and 
lowest, the coarse materials,' then clay, then sand. TraiU EU- 
mentaire Gedogu^ par M. Razet, p, 256. Tome 1. 

Descr, Sometimes the drifted sand and gravel that kare 
been described, are consolidated into sandstone and conglome- 
rate, by the infiltration of iron or carbonate of lime ; as in Pow- 
nal, Vermont. Report on the Geology of Massachnset^^ Vol. 2, 
p, 354. Also Tableau des Terrains^ p, 66. 

Descr, Many of the most valuable of the precious stoiMi 
-and metals ara found in drift ; such as tka duanond, tkesappEirt, 
the topaz, the ruby, and the urcmn ; as weU as pbttinuin, gold, 
and tin. I^atinum, gold, and the diamond are explored almost 
exclusively in this formation. TaUeaux des TerrainjL • 
115. 

3. TERTIARY ST&ATA. 

(SupercrefaceoiLS Choup of De la Beche, 

Historical Rem. Until the puUieatian by CuvWr and BrongniuC of tMi 
jneflstoiren the tertuury strata around the city of Paria, in 1810, thoeo tvmft- 
Uons. were confounded^ with alluvium. Since that periodj other similar 
deposits have been studied with diligence and success ; and it is found that 
te^ry strata occupy more than mdf the surfaee of Europe ; and in this 
eountiy they embrace nearly ail the level region in fhe eastern pail o# tke 
middle and southiWD states. 

Descr. The tertiary rocks have been divided into fcnr dii- 
tinet groups of marine strata, distinguished by in^itant peoa- 
liarities in their organic remains, and separated from one anoth- 
er, by strata which contain fresh water and terreatzial remains. 
BucklandfS Bridgewaier TreaHse, Vol, 1. p. 76. 

Rem. Marine strata are easily distinguished from those of fresh water 
origin, by the occurrence in the former of animals peculiar to the ocean, and 
in the latter, of those peculiar to fresh water. 

Descr. Mr. Lyell has divided these strata into four groups, 
to which he gives the names Eocene^ Miocene, and Older and 
New Pliocene. In the first, the number of shells identical with 
living species is very small, only 3.5 per cent. In the second 
group, reckoning upwards, it is 17 per cent: in the older plio- 
cene, 35 to 50 per cent, and in the newer pliocene, 90 to 95 per 
cent. And by this character are the groups distinguished. 
LpelPs Elements of Geology, Vol. 1. p. 280. Other eeolo^sts 
object to these characters as too indefinite. De la Beckers Theo- 
retical Geology, Chap. XVII. Phillipis Edinburgh Trea- 
tue on Geology^ p. 180. 

Descr. The tertiary rocks are in general distinctly stratified, 
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and the strata aie usually horizontal. In some cases, however, 
(as in the Isle of Wight and at Gay Head,) they are inclined at 
a large angle. 

Prin, All the stratified rocks appear to have been originally 
deposited from water. 

Proof. The muiner in which the ingredients of these rocks are arranged, 
m. in parallel strata and lamina, is preciseljr like that of the subaqueous 
deposits which are now forming in many localities, so that these latter need 
only to be hardened into stone, (when they are not already consolidated,) 
and in some cases rendered more crystalline, in order to be converted into 
the former. And by no other agent that we know of, by which rocks are 
fimned, is a strati&d and schStose arrangement produced. Again, the 
materials composing these stratified rocks, viz. clay, sand, and 'carw>nate of 
lime, are very similar to those deposits which water is now producing. 
And further, the organic remains which many of these rocks contain, can 
be accounted for only on the supposition that the rocks enveloping them 
wwe deposited from water. 

Descr. Rocks are deposited by water in two modes : first, as 
mere sediment, by its mechanical agency, in connection with 
grayity : secondly, as chemical precipitates fi^m solution. 

Dej, The first kind of rocks is called mechanical or sedimet^ 
iary rocks ; the second kind, chemical deposits, 

Deser. As a general fact, the lower we descend into the rode 
series, we meet with less and less of a mechanical and more and 
more of a chemical agency in their production. The primary 
stratified rocks haye generally been regarded as destitute of 
eyery mark of a mechanical origin except their parallel ar- 
rangement ; but in fact, the greater part of them are made up 
of tne fragments of crystals more or less worn and cemented 
together. ' 

Rem. I possess specimens of mica slate, talcoae slate, and quarts 
rock, from various parts of New England, which are made up of frag- 
ments as distinctly rounded by attntion, as those of any fossilifierous 
conglomerate ; and these pebbles are cemented by similar materials in 
a finer state. Most of these specimens are associated with highly in- 
clined strata of the oldest primary rocks in New England. They are 
ffood examples of what are called metamorphic rocks. PhiMp^s Geo- 
logy,p.lb. • - 

Descr, In the fossiliferouto rocks we sometimes find an alter- 
nation of mechanical and chemical deposits : but for the most 
part, these rocks exhibit eyidence of both modes of deposit, act- 
ing simultaneously. 

Rem. It is difiicult to conceive how any rock can be consolidated without 
more or less of chemical agency, except perhaps in that imperfect consoUdar 
tioD which takes place in argillaceous mixtures by mere desiccation. Even 
in the coarsest conglomerate there must be more- or less of chemical union 
hetween the cement and the pebbles. 

Oescr. In the tertiary rocks a mechanical agency decidedly 
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predominates : neyertlieless, several beds are the result of chemi- 
cal precipitation ; as gypsum, limestone, and rock salt 

Descr. The varieties of rocks composing the tertiary strata 
are concretionary, tufaceous, argillaceous, and siliceous ; or lime- 
stone, marl, plastic clay, siliceous and calcareous sands, green 
sand, gypsum, lignite, rock salt, and buhrstpne. 

4. SECONDARY ROCKS. 

Def, Under secondary rocks, I include all the fossiliferous 
strata below the tertiary : that is, I embrace under secondary 
all those denominated by many writers sectmdary and transition. 
The entire want of agreement among geologists as to the upper 
limit of the transition class, proves to my mind that there is no 
mark in nature for fixing that limit. Some commence the 
transition rocks with the coal formation : others with the car- 
boniferous limestone : others with the old red sandstone : and 
others with the gray wacke. 

1. Cretaceous System, 

Descr. In Europe this formation is usually characterised by 
the presence of chalk in the upper part^ ana sands and sana- 
stones in the lower. In this country, chalk is wanting : yet it 
seems to be well established that the Ferruginous sand forma- 
tion is the equivalent of the chalk formation of Europe. Dr, 
Morton in Journal of Academy of Natural Sciences, vol, VL 
Also American Journal of Science, Vol, XVII, p, 274, and 
XVIII, p. 243. and XXIV. p. 128. 

Descr, The cretaceous system is thus arranged by Dr. 
Fitton: . 

( Upper, 
Chalk. ^ Lower, 



Marly, 

Upper Green Sand, 
Green Sand. ^ Gault, 

Lower Green Sand, 



Weald Clay, 
I San 



Wealden. / Hastings Sand, 
f Purbeck Strata. 
Observatums on some of the Strata between the Chalk and Oxford Oolite in 
the South East of EnghM, By W, H. Fittcn^ p. 105. Londmi, 1836. 

Descr, Chalk is a pulverulent carbonate of lime, and its va- 
rieties have resulted from the impurities that were deposited with 
it. The upper beds are remarkable for the great quantity of 
flints dispersed through them, generally in parallel position. 
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Descr, ^reen Saiul is a mixtute of arenaceous antter, with 
a peculiar green substance greatly resembling chlorite, or green 
aartL 

Composition. The coloriDg matter of green sand has been analyzed 
with much care by sevend dislinguished chemists with the following 
results. 
\FVcticA ijlreen Sand. English Do. Massachusetts Do. N. Jersey ^ Do. 
By M. By Prof. By Dr. S By Prof. H. 

Bertkier. Turner. L. Dana, D. Rogers'.* 

Saica, 50.0 48.5 56.700 49.27 

Protoxide of Iron, 21.0 22.0 20.100 24.67 

Alumina, 7.0 V»0 13.320 7.71 

Water, ll.O 7.0 7.000 5.91 

Potassa, 10.9 traces 9.99 

lime, 1.624 5.08 

Magnesia, 3.8 1.176 

Manganese, traces and lbss= 0.080 

See Dr. Fitton on the Strata beloio the Chalky p. 109. Also, Prof. B. D, 
Rogers^s Report on ^ Geological Survey of N. Jersey, p. 47, ct seq. Also 
t^Sud Report on the Cfedogy of Massachusetts. 

Use of Green Sand. This substance has been applied within a few yters 
in this country with great success as a manure, especially in N. Jersey. If 
its fertilizing power depends on the potassa alone, the English and Massa- 
chusetts deposits would be of no value ; but if, as some suppose, the oxide 
of iron and the other ingredients assist in this respect, it may prove of great 
importance. 

Descr. GavU or GaU, is a provincial name for a blue marble clay, or marl, 
fiyrming an interstratified bed m the green sand of England. 

Descr. 1%e Wealden FhrrmcUion, which has been found in the South* 
east of England, chiefly in the wealds or woods of Sussex and Kent, 
is composed of beds of limestone, conglomerate, sandstone, and clay, 
which abound in the remains of fresh water and terrestrial animals, and 
appear to have been deposited in an estuary that once occupied that part of 
^gland. Similar beds occur in Scotland, and in a few places on the Euro- 
pean Continent. 

Rem. Some of the most remarkable facts in fossil geolosy have 
been derived from this formation, which will be found described in Ih. 
ManteWs Illustrations of the Geology of Sussex, 4'C. And in his Cfeology 
of the South East of England ; also in Dr. Fitton? s C^servalums on the 
Strata below the Chalk; and in Dr. ManleWs Wonders of Geology, 2 V^, 
1838. 

2. Oolitic System, 

Descr, In many of the rocks of this series, small calcare- 
ous globules are imbedded, which resemble the roe of a fish, 
and hence such a rock is called roestone or oolite. But this 
structure extends through only a small part of this formation, 
and it occurs also in other rocks. 

Descr, The oolitic series consist of interstratified layers 

* The mean of eight analyses. 
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pf clay, sandstone, marl, and limestone. The upper portion, 
or that which is oolite proper, is diyided into three systems or 
groups, called the upper, middle, and lower, separated hy clay 
or marl deposits. 

Rem. Professor Phillips includes the wealden formation in the oolitic 
system. PhiUip^s Treatise on Geology ^ p. 132. 

Descr. The lowest member of the oolitic group is called 
lias, and consists essentially of argillaceous limestone. 

jRem, The oolitic group is remarkable for the vast amount of cal- 
careous matter which it contains, and for the ^reat number and variety of 
its organic remains. 

3. Saliferous System. 

Descr. This group is composed of rocks which have some- 
times a slaty, and sometimes a conglomerate structure, with 
fine sandstones, interstratified with one another in endless varie- 
ty. In composition, the rock is siliceous, argillaceous, or 
calcareous ; and often highly charged with red oxide of iron. 
The varieties in the color and appearance of these rocks are ex- 
ceedingly numerous, and usually tney exhibit a variegated aspect. 

Descr. In Europe writers enumerate five varieties of^this 
rock. 1. Variegated marl, composed of indurated clays of va- 
rious colors, among which red predominates : sometimes the 
clay is black, sometimeis bluish gray ; and gray sandstone and 
yeuowish magnesian limestone are interstratified ; the whole 
forming the highest number of the^ series. 2. Muschelkalk^ a 
gray compact limestone, occasionally dolomitic, lying beneath the 
marls ana not yet detected except on the continent of Europe. 
3. Red or variegated sandstone. Its varieties of color are red, 
blue and green. Its composition is chiefly siliceous and ar- 
gillaceous, with occasional beds of gypsum, and rock salt. 
(New red sandstOTie. English Writers. Gres. bigarre, 
French. Bunter sandstein ger.) 4. Zechstein. This consists 
of different varieties of limestone ; among which is the fetid 
limestone, friable marl, and copper- slate. 5. New red con- 
glomerate : Exeter red conglomerate. A series of conglomerates 
and sandstones lying beneath zechstein, and above the coal 
measures : the fragments having been derived from the latter. 
[Todtliegendes, rothe todt liegende ger.) 

Rem. Some of these varieties, as the muschelkalk and zeehetdn, are fn» 
fuently wanting in this formation. 

4. Carboniferous System. 

Descr. This group embraces three extensive deposits, 
6 
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leflting upon one another in the following order; beginninir 
wi;th the uttermost. 1. Coed measures. These consist of 
irregularly interstratified beds of sandstone, shale and coal. 
Frequently these are deposited in basin-shaped cavities; but 
not always. These rocks abound in faults produced by igne- 
ous agency ; whereby the continuity of the beds of coal is in- 
terrupted, and the difficulty of exploring for coal increased in 
some respects ; but in either respects facilitated ; so that upon 
the whole, faults are decidedly beneficial. 2. Carboniferous 
limestone. A gray compact limestone, traversed by veins of 
calcareous spar, and frequently abounding in organic remains. 
£ncrinites are sometimes so abundant that the rock is called 
encrinal limestone. It is 'also called mountain limestone, and 
metalliferous limestone, since in England as well as in North 
America, it abounds in lead ore. 3. Old red sandstone. This 
rock is composed mostly of conglomerate, but sometimes it 
becomes fine enough to be schistose : its prevailing color is red, 
and its thickness very variable. 

Bern. 1. Some writefs consider the old red sandstone as properly belong- 
ing to the sraywacke group. BakeweWs Cfeology, p. 87. De la BeckPs 
MantLol^ p. 414. Of late this formation is frequently denominated the Ikvo- 
man system^ because largely developed in Devonshire. 

Rem. 2. The coal measures exist in almost every country of much 
^extent, and form one of the most important sources of national wealth 
'and happiness. In Engrland not less than 6.000.000 tons of coal are 
yearly .raised from the mines of Northumberland and Durham ; at which 
rate they will be exhausted in about 250 years. In South Wales, however, 
is a coal field of 1200 square miles, with 23 beds, whose total thickness is 
95 feet ; and this will supply coal for 2000 years more. BakeweWs Geology^ 
p. 125. In Great Britain about 15.000 steam engines are in operation by 
the use of coal with a power equal to that of about 2.000.000 of men. The 
machinery moved by this power has been supposed equivalent to that of 
between 300.000.000 and 400.000.000 men by direct labour. Well may Dr. 
Buckland say, " we are almost astounded at the influence of coal and iron 
and steam upon the fate and fortunes of the human race." BridgewaUr 
Treatise, Vol 1.^.535. 

Rem. 3 Probably no part of the world contains such immense beds of 
coal as the central parts of the United States. In 1837, not less than 900.000 
tons of coal were carried to market from the mines in Pennsylvania alone : 
and the working' of these mines has aa yet only just commenced. The 
southern anthracite basin of that state is 60 miles long and two miles broad, 
with an aggregate thickness of 100 feet. Indeed, 30 out of 54 counties of 
that state are in whole or in part based upon coal. But no one, who has 
not visited the state, can ibrm any adequate idea of the quantity of the coal 
existing there. One bed alone, which probably extends through all the 
, anthracite region, varies from 22 to 50 feet in thickness : while the thickest 
bed in England is only 30 feet. Prof. H. D. Rogers^s Report on the 
Oeological ExploraMon of the state of PenTisylvania, for 1838, p. 84. Bake- 
vxWs Geology, p. 106. 
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5. Silurian System. 

Descr. As has been stated in the first section, the Silurian 
system, proposed by Mr. Murchison, embraces the upper mem- 
liers of that extensive deposit, which has long been known 
under the name of graywacke, and graywacke slate or shale. 
Its composition is arenaceous, argillaceous, and calcareous 
showing in all cases evidence of a sedimentary origin ; yet 
having been subjected to a more powerful chemical action than 
the rock above it. The materials are often exceedingly fine ; 
and then we have delicate slates , yet usually of a duu aspect. 
Sometimes they are very coarse, so as to form conglomerates ; 
and these two varieties are often interstratified. The lime- 
stones bear stronger marks of a chemical than a mechanical 
ori^n, and are frequently very crystalline. Sometimes they axe 
argillaceous, and often slaty, and frequently concretionary. 
They abound in organic remains, as does, in fact, the whole 
formation. The slates are sometimes but not extensively divided 
by joints and cleavage planes ; though the original lamination 
of the beds by deposition is quite obvious. 

Rem. The subdivisions of the Silurian system, as proposed by Mr. 
Murchison, may be seen in the tabular synopsis of tne different systems of 
classification given in the first section. It might be supposed that these 
would possess only^ a local interest. But Mr. Conrad, Palsontoloffist of the 
New York Greological Survey, is of ojiinion that he can not only identify the 
Silurian system generally with rock^ in that state, but also the subdivisions ; 
and he says.that the system generally is more fully developed in this country 
than in England. Report of the New York Surveys/or 1839, p. 200. For a 
full description of this vast formation in England, see the ma!gnificent auarto 
of Mr. Murchison already referred to. He has recently traced this forma- 
tion over a vast area in the Russian empire, even as far east as the Ifralian 
mountains. It occurs also, in Sweden and Norway ; and a large part of the 
yast basin of the Mississippi is undoubtedly underlaid by rocks of this 
description. 

6. Clay slate and Graywacke System^ f Phillips,) Camhriofn and 
Cambrian Group, (Seagwick). 

Descr. This extensive deposit, of vast thickness in Wales, 
embraces the lower part of the graywacke group, and the 
elsj slate of other geolo^sts. The whole of it is eminently 
argillaceous : but it varies from the finest clay slate to 
conglomerates, with fragments of quartz, felspar, mica, 
jasper, &c. half an inch in diameter. The cement, how- 
ever, is still argillaceous. These conglomerates, especially 
in the upper part of the series, are interstratified with the 
slates which have been c«Jled graywacke slate and day slate. 
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In the north of England, where the system of strata is developed 
on an enormous scale, and forms the splendid scenery of that 
country, these slates are so divided by joints and cleavage planes ' 
that the planes of deposition, or stratification and lamination, are 
Tery obscure. The lowest part of the system is composed chiefly 
of clay slate, which sometimes contains chiastolite and hornblende. 
In these lower states no organic remains have been found, and 
only' about 30 species in the limestone interstratified with the 
higher members of the series. These are perfectly developed 
zoophytes and molluscs ; but no plants have been found. These 
are the lowest rocks, containing organic remains. Sedgwick in 
Geological TransdctionSy Vol, 8. Phillipis Treatise on Geology^ 
Vol 1. p 124. 

^Rem, 1. It is by no means certain that the Cambrian system of rocks 
ought to be separated from the Silurian : , for although the organic remains 
are quite different in the former, from those in the latter, yet the number is 
quite small. 

Rem. 2. In the tabular view of the claB8ificali<m of roeksi I have placed 
the skiddau or clay slate system of Prof. Phillips below the line separating 
the fossiliferous nom the non-fossiliferous strata. For in jgeneral it is 
certain that organic remains have not been found in clay slate, and Prof. 
Phillips says that <* they am not found in the lowest group of Skiddau,'' 
TVeoHse on Geology, Vol, l,p. 128. 

5. PRIMARY ROCKS. 

Rem. As the non-fosoliforous or primarv rocks have no settled order 
of superposition, different writers will describe them indifferent orders. I 
shall give them in the order in which they most usually occur, espedally in 
this country. 

1. Clay slate or argillaceous slate. This rock is composed 
of fine argillaceous matter which has a fissile structure, and in 
the most perfect varieties its surface is more or less shinine from 
chloritic and plumbaginous matter. Its^rincipal deposit has al- 
ready been described, as a part of the Cambrian system. But it 
occurs frequently interstratified with mica slate and quartz rock ; 
and must, therefore, be regarded as a non-fossiliferous primary- 
rock. Yet on the other hand, it also occurs interstratified witn 
fossiliferous graywacke. There seems, therefore, a necessity 
for regarding clay slate as belonging both to the fossiliferous and 
non-fossiliferous strata: The farther we recede from the line 
separating these two classes of rocks, towards the oldest, the 
more highly glazed does the clay slate become, until it passes at 
length insensibly into mica slate, talcose slate, or hornblende 
slate. But receding from that line in the other direction, its 
surface becomes more dull, and its texture looser, until it forms 
what 18 usually termed shale ; and if we follow it still higher up 
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in tike series, it becomes gradually changed into unconsolidated 
clay. 

Rem, A variety of clay elate used for whetstones and hones is called 
toketstone date. Some of the best hones, however, are isompact felspar. The 
common notion that they are petrified wood, is utterly groundless. GraphiU 
date or drawing sUUe^ is a variety of clay slate that contains several per cent, 
of carbon. 

2. Qua¥tz rock. This rock is essentially composed of 

?iuartz, either ^anular or arenaceous. The varieties result 
rom the intermixture of mica, felspar, talc, hornblende, or clay 
slate. In these compound Tarieties the stratification is re- 
markably regular ; but in pure granular quartz, it is often 
difficult to discover the planes of stratification. It is interstrati- 
fied with every one of the primary rocks, and also with gray- 
wacke: in which last case it often assumes a decidedly me- 
chanical structure : and even when a member of the primary 
series, this structure is sometimes visible. Maccnllocfvs Prinr 
ciples of Geolagy, Vol. 2. p, 174. Also Geological Classificati(m, 
f. 317. 

Rem. The arenaceous varieties of this rock form good firestones : that is, 
stones capaUe of sustaining powerful heat. Some varieties of mica slate are 
still better. Gneiss of an arenaceous composition is also employed ; as are 
several varieties of sandstone of different ages. The firestone of the English 
C^een sand, is a fine siliceous sand cemented by limestone. PiUon on Ike 
Strata below the chdUc^ p. 137. 

3. Hornblende slate. Hornblende predominates in this rock ; 
but its varieties contain felspar, quartz, and mica. When it is 
pure hornblende, its stratification is often indistinct, and it passes, 
By taking felspar into its composition, into a rock resembling 
greenstone. It occurs in every part of the primary series ; but 
its more common associations are argillaceous slate, mica slate 
and gneiss ; into which it passes by insensible gradations. 

Variety. Dr Macculloch describes a^tynolite schist^ as distinct from 
hornblende slate : but as mineralogists now regard the two minerals as only 
one species, it is unnecessary to separate the rocks. 

4. Talcose slate. The talc in this rock, which is the essen- 
tial ingredient, and is sometimes in a pure state, ii^" usually 
mixed with quartz and mica, and sometimes with limestone, 
felspar, and hornblende. It is associated sometimes with ar- 
eillaceous slate, and even gray wacke : but usually, at least in 
the United States, with mica slate, and rarely with gneiss. 

Varieties. Chloride sUUe is only a variety of talcose slate, in which 
the talc is almost pulverulent and compact, of a green color, and in much 
larger quantity than the quartz. Steatite is often nothing but schistose^ 
talc, which is adherent enough to be wrought, and at other times it is some- 
what granular, and slightly indurated. This is the valuable stone so ex- 
tensively used for furnaces, fire pkces, aqueducts, &c. under the name ef 
toapstone or freestone, 

6* 
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Obs, Most of the beds of steatite in New England, lie at the jvneCkm of 
talcose and hornblende and mica slate. 

5. Serpentine. Tkis is usually regarded as a simple mineral, 
which contains about 40 per cent, of magnesia ; and it is in fact 
a hydrated silitate of magnesia. Most European writers de- 
scribe it among the unstratified rocks ; and no doubt it does 
"requently occur without any parallel division into strata, and in 
the form of veins. But the vast beds of it in the primitive 
regions of New England, are often distinctly stratified ; and I 
therefore follow Dr. Macculloch, who places this rock both 
in the stratified and the unstratified class ; because this arrange- 
ment corresponds best with its characters in Scotland, liie 
truth is, serpentine appears usuallv to be a metaphoric roek : 
that is, a rock which has been subject to so high a degree of 
heat as to change its characters ; and yet not so high as in all 
cases to destroy the marks of stratification which jt originally 
possessed. Many of its largest masses in New England are as- 
sociated with talcose slate near its junction with some other 
rock, especially hornblende slate. It is not a rock of much 
comparative extent. 

6. Primary limestone. Limestone that alternates with pri- 
mary strata is called primary. Dr. Macculloch considers such 
alternation the only decided proof that a limestone is primary. 
Principles of Geology, Vol, 2. p, 209. Others, as De la Beche 
makes its primary character to depend more upon its crystaUine 
state ; and hence assert that it occurs interstratified with 
fossiliferous rocks. Manual of Geology^ p, 435. It is generally 
white and crystalline, resembling loaf sugar so much as to be 
called saccharine. But in some situations it is dark colored, by 
being penetrated with other rocks, and also nearly compact. 

Rem. When this rock occurs in the unstratified class, and also in some 
of the older stratified ones, it is often nearly or quite destitute of strati- 
fication. (Ex. gr. the limestone beds in syenite in Newbury and Stone- 
ham, and in gneiss at Bolton, Massachusetts : also in hornblende slate in 
Smithfield, R. I.: and in granite, in St. Lawrence and Esse2 County, 
N. Y.) . Hence it has been proposed to put primary limestone into the 
unstratified class. Prof. Emmon^s Report on the Geology of the Second 
District of Neto York, 1838, p. 196. In many cases, however, it is most 
distinctly stratified : as for instance, in the bed lying between strata of 
gneiss on Cole's Brook, in the west part of Middlefield, in Massachnfietta. 
The interesting examples given by Prof. Emmons in St. Lawrence County, 
in his report above referred to, do indeed prove that this rock may exist 
sometimes, in the form of veins in granite. But looking at all the facts 
on the subject, they seem more satisfactorily explained by supposing primary ' 
limestone a metamorphic rock, like serpentine, whicn may therefore be 
found both stratified and unstratified, than by regarding it as always unstra- 
fied and of igneous origin. 

7. Mica slate. This is a slaty mixture of mica and quartz, in 
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which the former predominates. Garnet and staurotide are 
often so abundant in it, over extensive tracts, as properly to be 
regarded as constituents : hence the varieties, garnetlferous and 
'staurottdiferausmicjBisl&te. This is one of the most comipon 
and best characterized of the primary rocks. 

8. Crneiss. The essential ingredients in this rock are quarts, 
felspar and mica. Hornblende is occasionally present. These 
ingredients are arranged more or less in laminae, and the rock is 
stratified. Where it passes into granite, however, (which is 
composed of the same ingredients,) tne stratification, as well as 
the wminar arrangement, bec9me exceedingly obscure ;- and it 
is impossible to draw; a definite line between the two rocks. 
Gneiss, as well as mica slate, is remarkable in some places for 
tortuosities and irregularities exhibited by the strata and lanii- 
nee : while in other places these same rocks are equally distin- 
guished for the regularity and evenness of the stratification, by 
which they are rendered excellent materials for economical 
purposes. 

Varieties, Gneiss sometimes contains cnrstals of felspar, which n^e it a 
spotted appearance: and this is called parphyritic gTieiss. Whentuo takd 
the ^ace of mica, the rock is called protogine. 

Rem. Gneiss is a rock of great extent in the United States : especially ki 
Kew Ejfigland. 

Ev/rite or compact felspar. Dr. Macculloch describes a stratified rock Utf) 
ciated with gneiss in Scotland, composed chiefly of compact felspar. De la 
Beche regards this as eurite, althongh moat writen consider eurite as a ibeni- 
ber of the unstratified class. 

Prin, If all the stratified rocks have been deposited from 
water, -as we have seen, the layers must have been origiiiitBy 
nearly horizontal. 

^oof. Deposits now taking place rarely have an inclination greater 
than \\P over any considerable extent of surface : though in some nvora- 
ble circumstances, as when sand accumulates outward on a steep afaom^ 
the strata may be inclined as much as 4(P. But a little care will enable 
any one to distinguish such cases from the effects of subsequent elevation ; 
and it still remains true, as a general fact, tl^at^iepoaits now forming have 
only a slight inclination. 

Inf, Hence if we get the perpendicular thickness of a series 
of strata we ascertain the character of the crust of the globe to 
that depth. 

jEJrri^. If we measure the breadth of a series of upturned strata, on a lane 
at right angles tp their strike, and ascertain their dip, we have given the 
hyf)othenuse and angles of a right angled triangle to find the perpendicular, 
which is the thickness of the strata. If the strata are perpendicular, a 
horizontal line across their edges give their thickness. 

ToiCU. By measurements and calculations of this sort, it has 
been ascertained that the total thickness of the fossiliferoui 
strata in Europe, is not less than 6 or 7 miles. In Pennsylvania, 
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fossiliferous rocks beneath the taj^ of the coal meamres, aie 
40,000 feet, or more than 7.5 miles, in thickness. Prof. RogtHt 
Report on the Geology of Pennsylvania for 1838, p, 82, 

Descr. In the peninsula of Tauris, Pallas describes a contiii- 
ued series of primary strata, inclined 45^, over a distance of 86 
miles ; which would give a perpendicular thickness of more than 
68 miles. LyelFs Prin. Geol. Vol. 2. 443. In New England, as 
for instance, on the railroad between Westfield and Pittsfield 
we have strata of primary rocks, for the most part nearly .per- 
pendicular, not less than 20 miles in thickness. 

Rem. 1. It ought to be recollected, that the prifnanr strata have been 
iiib|ected to far more numerous disturbances than the secondary too/it 
tertiary; and, therefore, all such measurements as the above, are tiable 
to give results not a tittle erroneous : since the strata may be so shifted as to 
be measured twice. In the example last quoted there may exist, as shown 
on page 37, one or more folded axis. Such sections, however, as those 
mentioned above, indidate, after all allowances are made, a great perpendicular 
thickness. 

Rem, 2. Dr. Buckland estimates the total thickness of all the stratified 
rocks in Europe to be at least ten miles. BHdgewaier Treatise^ Vol. 
1. p. 37. 

Inf. We see from these statements how groundless \b the 
ojpimon, that geologists are able to ascertain the structure of 
the earth only to tne depth that excavations have been made, 
which is less than a mile ; especially, when we recollect, that 
the unstratjfied rocks are uniformly found beneath the stratified; 
and since their igneous origin is now generally admitted, it can 
hardly be doubted that they come from very great depths ; so 
that probably the essential composition of the globe is known 
almost to its centre. v 



SECTION IV. 

LITHOLOOICAL CHARACTERS AND RELATIVE AGE OF THE XJN- 
STRATIFIED ROCKS. 

Prin, The differences among the unstratified rocks result 
from two causes. 1. A difference in chemical composition. 2. 
The diversity of circumstances under which they were produced. 

Descr. AH the varieties of those rocks pass into one another 
by insensible gradations, even in the same mountain mass ; giv- 
ing rise to endless varieties, which cannot be described minutely 
in a treatise like the present. 

Descr. The two predominant and characteristic minerals in 
the unstratified rocks, are felspar, and augite, or hornblende. 

Rem, The recent researches* of Rose and Mitscherlich, render it 

. probable that augite and hornblende are only varieties of the same mineral 

■pedes, which acquire their different crystalline jfibroig find other charactmrtifi. 
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^fFerences, in consequence of a difference in the rate of cooling from a ttate 
of fusion :— the former crystaiiizing rapidly, and the latter slowly^ Rose 
Aised hornblende, and found th^it on cooling it took the form of angite. 

1jyeW& Ehmenfs of Geology, Vol. 2. p. 192. Phillips's Treatise on GeoSgy, 
Vol. 2. p. 54. 

Descr. The following arrangement of the unfitratified rocks, 
founded upon the relative quantity of felspar and augite or 
hornblende, which they contain, has been suggested by Prof. 
Phillip . Treatise on Geology/, Vol, 2. p. 57, and is liable 
only to the objection, that we have not a knowledge of the 
composition of the older rocks sufficiently perfect, to make it 
certain that they are all put into the right place in the classifica- 
tion. 

Division I. Felspathic. 
Felspar alone, or 'but slightly mixed With augite, hornbbiide, 
hypersthene, diallage, &c 

ATicient, ModertL 

Granite and most Porphyries. Trachyte^ 

Division 2, 
Felspar in nearly equal proportions witk augite, hombkiidei 
hypersthene, ^c. 

Ancient. Modern. 

Syenite and Greenstone. Graystones of Scrope. 

Division 3, 

Augite, hornblende, hypersthene, or dillage, predominates 
over felspar (or olivine.) 

An^iient. Modern. 

Basaltic series of most authors. Basaltic series of Scrope. 

Descr. On the same principles, that is, mineralogical con- 
stitution, Mr. Scrope has divided the products of extinct and 
active volcanos into three kinds : 1, Trachyte, which is fel- 
spathic : 2, Graystone, or a mixture of felspar and iron : 3, 
Joasalt, which is augitic. Girardin [Considerations Gemral sur* 
les Volcans, p. 13,) divides these products into the frachyiic 
formations^ (terrain^) the basaltic formation, and the lava for- 
mation. 

Def. The melted matter that is* ejected from a volcano, or 
remains within it, is called lava. Hence it is not improper to 
apply the term to any rock that is proved to have been m a melt- 
ed state. But it is usual to confine it to the moje modem un- 
stratified rocks, such as have been ejected from a cidtcr. 

Rem. The igneous origin of all the unfitratified rocka is now so generally 
admitted, that we may take it fior granted : and make it the basis of das* 
^ eification. The proof, however, will be presented in a subsequent section. 
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Deser. Lava cooled rapidly, and not nnder pressare, fonaa 
glass, or scoria : but cooled slowly, and under pressure, it be- 
comes crystalline. Now the older unstratified rocks, such as 
granite, syenite, porphyry, and greenstone, are more or less 
crystalline : whereas basalt, trachyte, and other products of ex- 
isting Yolcanos, are compact or cellular. Nor have we any but 
presumptive proof, that the former class are now produced by 
Igneous action. Hence it is inferred, that they were cooled un- 
der a vast pressure of the ocean and its subjacent beds : and 
hence they are called phUonic rocks: whereas the latter are 
denominated volcanic rocks. Phillipis Treatise on Geology, 
Vol. 2, p. 62. LyelVs Elements of Geology^ Vol. 1, p. 11. 

Prin. There is strong reason to believe that in some in- 
stances as in Saxony, and in Sutherlandshire, and Arran in 
Scotland, granite has been protruded through the strata after 
it became solid. LyelVs Blem. Geol. Vol. 2, p. 370. Solid 
basalt was protruded in a similar manner, according to Von 
Buch, in the year 1820, in the island of Banda, in great quan- 
tities. Description des Isles Canaries, ^c, par L. de Buck, p, 
412. Paris, 1836. Also Am. Bib. Repos, Jan. 1840, p. 34. 

Obs, The most important of the unstratified rocks will now be described 
in an order as nearly chronological (beginning with the oldest) as the present 
state of our knowledge will admit. 

1. Granite. 

Deser. The essential ingredients of this rock are quartz, 
felspar, and mica. Its prevailing colors are white and flesh- 
colored. In some cases the materials are very coarse, the cry»* 
talline fragments being a foot or more in diameter. In other 
cases, they are so fine as to be scarcely visible to the naked 
eye: and between these extremes, there exists an almost infinite 
variety. The fine grained varieties are best for economical 
uses : but the coarser varieties abound most in interesting sim- 
ple minerals. 

Varieties. Graphic granite is composed of quartz and felspar, in which 
the former has an arrangement which makes the surface of the rock exhibit 
the appearance of letters, as in Fig. 33. When granite contains distinct - 
crystals of felspar, it is called porphyritic. When the ingredients are blended 
into a finely granular mass, with imbedded crystals of quartz and mica, it hat 
been called by the French writers, ewrite. Pegmatite is a granular mixture 
of qi\artz and felspar. 

2.. Syenite. 

Def. Syenite is composed essentially of felspar, quartz, and 

hornblende, the first predominating. When mica is also present, 

the compound is trequently denominated syenitic granite, 

Traite Elem&ntaire de Geologie, par M. Rozet, Tome 1, p, 482, 
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Olfs. 1. A great deal of confusion and diversity of opinion has ex- 
isted in respect to the nature and position of syenite. Macculloch makes 
it to consist of felspar (compact or common) hornblende and quartz ; and he 
limits it to the overiyin? or trap family, and considers the analogous 
compounds associated with granite, as merely varieties of the latter. In 
N. England, such a distinction would be very difficult, since the same con- 
tinuous formation of syenite, is sometimes connected, on the one hand, with 
granite, and on the other with porphyry and greenstone. MaccuBock*$ 
Classification of Rocks^ p. 512. 

Fig. 33. 




. Obs. 2l When it was ascertained that the famous rock from Syen« 
in Upper Egypt (so much employed in ancient monuments,) from which 
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tbe name of syenite was derired, was nothing but granite with Mael 
niea, and also that Mount Sinai in Arabia was composed of gennint 
syenite, « French geolo^st proposed to substitute Sinai for syenite: — 
biit the suggestion, which was certainly a good one, has not been 
adopted. 

Obs. 3. Most of tbe syenite so famous in N. England lor architectura] 
purposes, as that from cLuincy and Cape Ann, is composed of felspar, 
quartz and hornblende, the latter frequently disappearing. 

3. Porphyry. 

Def. Rocks with a homogeneous, compact, or earthy base, 
through which are disseminated crystalline masses of some oth- 
er mineral of contemporaneous origin with the base, are denom- 
inated porphyry. True classical porphyry, such as was most 
commonly employed by the ancients, has a base, of compact fel- 
spar, with imbedded crystals df felspar. When the base is 
greenstone, pitchstone, trachyte, or basalt, the porphyry is said 
to be greenstone porphyry, pitchstone porphyry, trachytic por- 
phyry, and basaltic porphyry. The base is sometimes clinkstone, 
or claystone, and the imbedded crystals may be felspar, augite, 
olivine, &c. 

Inf. Hence the term porphyry designates only a certain form 
of rock, but does not refer to any particular kind of rock. When 
porphyry is spoken of in general terms however, felspar is 
usually meant. 

Ohs. The name porphyry signifies purple^ noQtpvqa^ such 
having been the most usual color of the ancient porphyries: 
but this rock exhibits almost every variety of color. It is the 
hardest of all tbe rocks ; and when polished, is probably the most 
enduring. 

Descr, Claystone is an earthy compact stone of a purplish color, appear- 
ing like indurated clay. Compact felspar^ sometimes called petrosUex^ is a 
hard compact stone of various colors; fusible before the common blow 
pipe, and often translucent on the edges, like hornstone. Its predominant 
ingredient appears to be felspar, (clink^one or phonoUte ;) or fissile |«*ro5ifea;, 
a greenish or greyish rock, dividing into slabs or columns, ringing under 
the hammer, and apparently a variety of compact felspar. HomstoTie is a 
compact mineral, often translucent like a horn : of various colors : in hard- 
ness and fracture approaching flint : infusible before the blow pipe : and 
hence composed chiefly of silica. Comean is between hornstone and com- 
pact felspar, compact and homogeneous; supposed to consist of felspar, 
quartz and hornblende. All these substances form the basis of porphyry ; 
and hence we have clinkstone porphyry, hornstone porphyry, claystone 
porphyry, &c. When black augite forms the base of porpnyry, it is called 
mdapkyre. ^ 

4, Greenstone. 

Descr. Several unstratified rocks, whose principal ingredients 
fM»&lapar aud hornblende or augite, are called trap Reeks: 
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from the SwedisK word trappj^y a stair: because tker are often 
arrao^ed in the form of stairs or steps. Although the term 
trap 18 loosely applied, most writers limit it to the varieties of 
rock called greenstone, syenitic greenstone, basalt, compact fel- 
spar, clinkstone, pitchstone, wacke, amygdaloid, augite rock, 
hyparsthene rock, trap-porphyry, pitchstone porphyry, and tufa. 
MaccuUoch includes claystone and syenite. System of Geology^ 
Vol. 2. p. SO. 

Descr. Greenstone is ordinarily composed of hornblende 
and-felspar, both compact and common, the former in the greatest 
quantity. 

Descr. Tbe term dderite hu been used by the ffeoksgiatf of eontinen- 
tal Europe, as equivalent to greenstone. But according to, Rose, dolerite 
consists of black augite and Labrador felspar: to which Leonhmrd adds 
iron. Diorite is another name for a variety of greenstone, which Rote 
says is composed of albite and hornblende in grains. — But albite and 
hornblende are sometimes called andmte, — Dr. Maccolloch caUs thoM 
varieties of greenstone which have a green color, augite rock; because augite 
is the predominant ingredient; but the ausite rock of Leonhard is almost 
wholly augite. When hypersthene takes the place of hornblende, he calls 
the compound hypersthene rock. Sffstem of Oeoiogy^ VuL 2. p. 108, 110. 
When greenstone is composed almost entirely of hornblende, the rock 
is denominated hornblende rock. When the gnuns of felspar and horn- 
blende are quite coarse, it is called syenitic greenstone^ which often takes 
quartz into its composition, and passes into granite.-~All the above rocks 
are frequently porphyritic ; and hence we have augitic, or pyroxeme por- 
phyry, dioritic por()hyry, &c. 

5. Trachyte. 
Descr. Trachyte is of a whitish or grayish color, usually 
porjfhyritic by felspar crystals, and essentially composed of 
glassy felspar, with some hornblende, mica, titaniferous iron, 
and sometimes augite. Beudanfs Traite de Mineralogie, Tome 
1. p. 566. LyeWs Elements of Geology, Vol. 2, p. 199. Its 
name is derived from the Greek, 7Qnxvg, rofigk, from its harsh- 
ness to the touch. It was an abundant product of volcanic ac- 
tion during the tertiary period, and usually appears to be older 
than basalt, although trachitic lavas have continued to be ejected 
down to the present day. Trachyte occurs in Auvergne and 
Hungary, and in vast quantities in South America : but not in 
the United States. It constitutes the loftiest summits of the 
Cordilleras. Humboldt s Geognostieal Essay on the Superposi' 
tion of RockSj p. 423. 

Descr. Trachyte in 'an earthy condition, as it occurs in the Pays de 
Dome, in Auvergne, is caHed domite. Trachyte is usually poiphyiitic, and 
hence we have trachylic porphyry. 

6. Basalt. 
Descr. This rock appears to be composed of augite, felspar, 
7 



Digitized 



by Google 



74 BASALT, AMTGDACDID. 

and titaniferoas iron ; and sometimes olivine in distinct grains. 
Its color is black, bluish, or grayisb; and its textnre compact 
and uniform ; — more so than ^eenstone. Angite is the predomi* 
nant'ineredient. Probably m some cases, hornblende takes the 
place of angite ; but from the nature of these two minerals, this 
can be regarded as of little importance. Basalt passes insensibly 
into all other varieties of trap rocks. De la Beckys Manual of 
Geology, p. 453. LyelPs Elements, Vol. 2, p. 197. 

Bern, It is oflen asked whether basalt occurs in the United Statei. The 
litholoffical characters of some ofotir trap rocks can hardly be distingnished 
from those of basalt: yet it is not nrobable that any of oar trap rocks are as 
recent as the baudt of Europe ; ana hence our geologbta vsiuJIy re&r them 
to greenstone.^ 

7, Amygdaloid, 

Deser. This term, like porphyry, is not confined to any one 
sort of rock; but indicates a certain form, which extends 
through all the trap family. Amygdaloid abounds in rounded 
cavities, like the scoriae and pumice of modern lavas, and these 
are often filled with calcareous spar, quartz, chalcedony, zeolites^ 
and other minerals, which have taken the shape of the cavity : 
so that the rock appears as if filled with almonds, and hence 
the name from the Latin, amygdala, an almond. These cavi- 
ties, however, have sometimes been lengthened by the flowing 
of the matter while melted, so that cylinders are found several 
inches long. When they are not £lkd, the rock is said to be 
vesicular, 

Descr, A soft variety of trap rock resembling indurated 
clay, is called wacke, wnich may or may not be vesicular. 
From its resemblance to the toad probably, it is called in Der- 
byshire, loadstone. 

Bern, The slaty gray wacke in the vicinity of Boston, as at Brighton and 
Hingham, is converted into decided amygdaloid, without losing wholly its 
laminated structure. The same is the case with the red sandstone lying 
beneath the greenstone near Connecticut river. In the latter ease, however, 
the cavities are rarely filled. 

Prismatic, or Columnar Structure. 
Descr. One of the most remarkable characteristics of the 
trap rocks, is their columnar structure, This consists in the 
occasional division of their substance into regular prisms, with 
sides varying in number from three to eight, usually five or 
six, whose length is sometimes not less ihan 200 feet. They 
are sometimes jointed ; that is, divided crosswise into blocks, 
from one to several feet in length : whose extremities are more 
or less convex or concave, the one fitting into the other. Usu- 
ally these columns stand nearly perpenoicular, and when worn 
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away on tlie side, they present naked walls which aropear like 
the work of art. They stand so closely compacted together, 
that though perfectly separable, there is no perceptible space 
between t^ii^* The thickness of the columns varies from one 
to five feet 

Item, 1. The conca^ extremity is usually appermoflt. Bat at Titan's 
Pier, at the foot of Mount Holyoke, in Hadley, some of the eolamna are 
convex at the top. The ibUowlnff sketch, Fig. 34, shows their appearance 
at the Giant's Causeway in Ireland. 

Fig. 34. 




Rent, 2.* The cohimnar and trappose Ibrms of basalt and greenstone 
have produced some of the most remarkable scenery on the globe. Fingal's 
Cave in the island of Stafi'a, {one of the Western Islands of Scotland,) 
and the GHant's Causeway in the north of Ireland, are almost too weu 
fcuQwn to need description. Staflfa is composed entirely of basalt with a 
thin soil, and its shores are for the most part a steep cliff, 70 feet high, 
formed of columns. The cave is a chasm (in these columns,)42 feet wrae, 
and 237 feet lon^, formed by the action' of the waves. The following 
Bketch, Fig. 35, will convey an idea of the situation of the cave and of the 
general structure of the island. 



Fig, 35, 
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Fig. 36, gives some Uea of the appearance of an oTerhannng group of 

f'eenatone coluums at a place on Mount Holyoke in MassacnutetU, whieh 
have denominattd Titan's Piazza. The lower end of the columns, several 
rows of which project over the observer's head, are exfoliated in such a 
manner as to present a convex sur&ce downwards. 

36. 




TUoiCb Pieuua: m. Hobyok: 

Detor, The Giant's Causeway^ consists of an irregular group of penta- 
gonal columns, from one to five feet thidc, and from 90 to 200 ^t high, 
jointed as usual. Where the sea has had access to them, their upper 
portisns are worn away, while the lower part remains extending an un- 
known distance beneath the waves, and seeming the ruin of some ancient 
work of art, too mighty for man, and therefore referred to the ^ants. 
Here also is a cave of considerable extent. Gsohgical Transacticyiis^ Vol. 4. 
New Scries. 
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Rem. 3.. When a trap Tein, or 4jrkct, if oolnmnar, Ike oolumnf oft«n 
be horizontal, or rather perpendicular to the aidei of the Tein : and thtu 
M produced a wall of stonee, regularly fitted to one another and laid up, 
apparently by man: while o^flen -a decomposition of the surfaceB of too 
blocks, produces a powder resembling disintegrated mortar. A wall of 
ibis sort wa0 formerly discovered in Rowan County, North Carolina^ 
which projected above the lock which it traversed, in consequence of 
the decay of the rock, and it waa for a long time confidently believed to 
be a work of bumbo skill, proving the former existence there of a powerful 
«nd civilized people. Dykes of uiis description are veiy oommon in the 
State of Mfune. 

Bern. 4. Greenstone columns standing upright, or leaning only a &w 
degrees, are quite common in North Anerica; and &nn some of our 
most interesting scenery. The most extensive fermation of thii sort appears 
to be in the country west of the Rocky Mountains, where the Columbia 
riverj^sses through mountains of trap, (not improbably of baaalt,) from 400 
to 1000 feet high ^ and where several successive rows of columns are super- 
impoeed one upon another, separated by a few feet of amygdaloid, con- 
flomerate, or breccia. Pq/rker't Jmumal of an JSzpkning liur bfofond the 
Rocky Mou7itains, p. 208. Ithaca, lS3a 

The Palisadoes on the banks of Htideon river, are another example of 
ipreenstone columns. They exist also on Penobscot river ; and very perfect 
^examples occur on Mount. Holyoke and Tom, on Connecticut river, an ex- 
ample of which has been given in Fig. 36. 

Prin. The colunmar stnicture of the trap rocks, has resulted 
from a 8«rt of crystalU^ation while thej were cooling under 
pressure from a melted state. 

Proof 1 . Precisely similar columns are found in recent lavas. 
Wondtrs of Geology, Vol 1. p. 248, 250, and Vol. 2. p. 64Q. 
2, Mr. Gregory Watt melted 700 pounds of basalt and caused 
it to. cool slowly ] when globular masses were formed, which en- 
larged andpressed against one another untO regular columns were 
the result, BakewelP s Geology, p, \i6. 

8, Serpentine* 

De$cr, This rock has been already described in the section 
on the stratified rocks, and the reasons stated for placing it in 
the stratified as well as the unstratified class. 

Descr, DiaUage rock, which is the enphotide of the French, the ga/bbre 
of the Italians, and some cpkiolites of Brongniart, is essentially composed 
of felspar and diallage : but it sometimes contains serpentine, mica, and 
quartz. Diallage and serpentine are very nearly allied. OpkUe w a green 
porphyritic rock, with a base of hornblende and felspar, (the former 
^atly predominating,} and containing crystals of hornblende. It passes 
into serpentine by a mixture'with tak. Ophicalce (French), is composed 
of limestone and serpentine, with talc and chlorite. Under this rock is 
arranged the beautiful verd antique marUe, such as occurs in Newbury 
and Middlefield in Massachusetts, and at New Haven and Milford in 
Connecticut. Bwngniart^s Tabk(m dts Terrains, d^e. p. 325. Cipolm im 
a saccharine limestone which co7>tains mica, or talc, as a constituent. This 
forms several interesting varietira of marble. Boxet^g TraiU Elementaire di, 
Chohgie^ p. 181. 'time 1. 
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9. Lava, 

Dtscr. Lava, as remarked in another place, embraces all the 
melted matter ejected from volcanos: and the two minerals 
felspar and augite, constitute almost the entire mass of these 
products. When the former predominates, light colored lavas 
are the result: when' the latter, the dark varieties. The former 
are cdSiQ6.fehjpathic or tr achy tic, and the latter, angitic or basal' 
tic lavas. 

Rem, Other nmple minerals occur in laVa, Thus in the products of 
Yesuviua alone, not less than 100 species have been detected *, but they form 
■o inconsiderable a part of the whole mass, as not to deserve consideration in 
a general view like the present. 

Descr. Trachytic lava corresponds in jnost of its characters 
to the trachyte of the older igneous rocks. When cooled under 
pressure, solid rock results ; but when cooled in the air, it is 
porous, fibrous, iand light enough to swim on water, as is the case 
with pumice, large masses of which are found sometimes in the 
midst of the ocean. Sometimes it is porphyritic, like the older 
trachytes. 

Descr. In like manner the basaltic or augitic lavas exceed- 
ingly resemble the more ancient basalt; and are in fact the 
same thing, produced under circumstances a little different 
When cooled under pressure, compact basalt is the result ; but 
cooled in the open air, they are scoriaceous or vesicular, and 
are usually called scorise. 

Deser, Graystone lava is a lead grey or greenish rock, 
intermediate in composition between basaltic and trachytic 
lavas : but the felspar predominates, being more than 75 per 
cent. When albite takes the place of common felspar, the lava 
is denominated andesitic. 

Descr. VUreous lava^ has a fracture like glass. Obsidian seems to be 
merely melted glass. Pitchstone is less glassy, with an aspect more like 
mtch. It is usually composed of felspar and augite, and often passes into 
basalt. Its composition however varies. 

Descr. The small angular fragments and dust of pumice, 
(which is vesicular trachytic lava,) and of scoriae, (which is 
vesicular basaltic lava,) which are produced by an eruption, 
falling into the sea, or on dry land, and mixing with sand, gra- 
Tel, shells, &c. and hardened by the infiltration of carbonate of 
lime or other cement, constitute the substance denominated 
tuff. When this rock occurs with trap, it is called trap tnff; 
and when with modern lava, volcanic tvff. If it contain large 
and angular fraigments, it is called volcanic breccia. When the 
fragments are much rolled, the rock is a tufaceous conglomerate. 
The basaltic tuffs are denominated by the Italian geologistflji 
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peperino. A kind of mud is poured out of some Tolcanie craters, 
which forms what is called trass. 

Deter. Sometimei, etpecialhf at the great Tokaiio of Kairawa^ oo tke 
Sandwich Islands, when lava is thrown into the air, the wind spins it ent 
into threads, resembling flax, and drives it against the sides of the crater. 
This is called volcanic glass; and by the natives of Sandwich Islands, Pele't 
hair ; Pele having (ermerly been regarded as the presiding divinity of the 
volcano of Kairauea. 

Descr. Other suhstances ejected from volcanos are frag- 
ments of granite and other rocks, scarcely altered ; cinders and 
ashes of various degrees of fineness, which are often converted 
into mud by the water that accompanies them ; also sulphur in 
a pure state * various salts and acids; and several gases ; among 
which are tne hydrochloric, sulphurous, and sulphuric acids; 
alum, gypsum, sulphate of iron and magnesia, chloride of sodium 
and potassium, oi iron, copper, and cobalt ; chlorine, nitrogen, 
sulphuretted hydrogen, &c. cue. 

Descr. The unstratified rocks, as a general fact, are more fusi- 
ble than the stratified ; and of the unstratified the fusibility in- 
creases in passing from granite along the scale to modern lava. 
This is owing to the fact that the quantity of lime, and some- 
times of alkali, is greater in the more recent rocks; for these 
substances act as a flux. 

Relative Age of the Rocks. ^ 

PHiu In the stratified rocks the relative age of the different 
eroups is determined by their superposition ; the lowest being 
the oldest : but in the unstratified rocks, there is reason to be- 
Ueve a reverse order exists : that is, the oldest member of the 
series lies immediately. beneath the stratified rocks; the next 
oldest beneath this; and so on, till we reach the lava of existing 
volcanos ; which probably comes from a greater depth in the 
earth than any other unstratified rocks. 

rins. Fig. 37^ will more clearly illustrate this proposition. 

Prin. The aees of the unstratified compared with those of 
the stratified rocks, are determined by ascertaining how far the 
former have intruded upward among the latter. 

IUu8. If for instance, we never find the veins of a particular igneous 
rock shooting upward higher than the primary rocks, we may infer that it is 
older than the secondary strata, but newer toan the primary ; because the 
latter must have existed |)rior to the intrusion of the unstratified rock. 
And so, if an igneous rock is intruded only into the primary and secondary 
strata, we may infer that it is older than the tertiai^ strata, and newer 
tha'h the secondary ; and so on with the groups still higher. Hence tho 
igneous rocks, a, a. Fig. 37, formed during the deposition of the primary 
strata, whose veins Extend no higher than those strata, may be called, (to 
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•dopt the pbniMoIogy of Mr. Lyell,) the frimary pktttmic : those dmmg the 
de])06ition of the secondary strata, b, b, whose veins do not enter the tertiary 
series, the secondary plutonic : these during the deposition of the tertiary 
strata, c, c, the tertiary pbUonict and lava fircmi active volcanos, d, d, the 
nceni fHuiomc, 



Fig. 37. 




Sectim of the Relative Age of the Untratified Roche. 

Descr. In reality, however, we do not find varieties of un- 
stratified rocks whose veins are thus distiilctly confined to each 
of the great classes of rocks, thouojh there is evidence that vol- 
canic agency was active during all the periods of their deposi- 
tion. But the same igneous rock appears to have heen ejected 
at different epochs. Granite, however, seems to have greatly 
predominated during the first or primary period ; and is found 
only occasionally* during the secondary period ; though in a few 
instances ^at Weinbohla) syenitic granite has been protruded 
through the chalk, but never among the tertiary strata. For- 
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phyry appears to hare been mostly confined to the period of tlie 
latest primary, and the older secoiraary ^transition) rocks. Trap 
rock predominated in the secondary ana tertiary periods, while 
Tolcanic rocks, in the common acceptation of the term, began 
to be protruded during the tertiary period, and continue to the 
present time. 

Rem. It k obvious, that with the .exception of lava, the above mla 
tot determinijiff the relative age of the stratined and nnttntbSed Meka, does 
not show us when the latter togan to be erupted, but only when their erap- 
tions ceased. 

Inf. From the phenomena that have been detailed respect- 
ing the unstratified rocks, it has been inferred that the condition 
of the earth, botb internal and external, must have been different 
at different epochs ; so as at one period to be peculiarly favor- 
able for the production of granite and syenite, at another of por- 
phyry, at another of trachyte^ at another of basalt, and finally 
at another of the lava of extinct and active volcanos ; and hence, 
that the older igneous rocks, (ex. gr. granite, syenite, &c.) are 
no longer produced, except perhaps in the deep recesses of the 
earth. 

JProof. 1. The greater abundance of granite and syenite associated with 
the primary than with the newer strata, and of trap and volcanic rocks 
with the higher formations. 2. The almost entire identity between 
the chemical constitution of granite and the primary stratified deposits 
indicates some general and common cause for tne origin of both: while 
the difference of ultimate constitution between granite and the newer 
stratified rocks, particularly in the greater quantity of lime in the latter, 
indicates a difierence of origin. 3. The gradual and insensible passa^, 
on an extensive scale, of granite into gneiss, hornblende, slate and mica 
slate, indicates some general cause for their production, and that the 
diversity existing between them, has resulted from slightly modifying 
circumstances : while no such transition of any consequence between 
granite and the newer stratified rocks has ever been discovered. 4. 
Granite and the trap rocks differ so much in chemical constitution, as to 
•how that they must have originated from different masses of matter. 
Thus, granite contains about 20 per cent, more of silica than greenstone ; 
about 3^ per cent, less of alumina; 8 per cent, less of magnesia; 7 per 
cent, less of lime} and two per cent, less of oxide of iron. 5. The 
correspondence between the chemical composition of the fossiliferous strati- 
fied and the trappean and volcanic rocks ; that is^ we find in both classes 
a diminution of silica and an increase of alumina, magnesia, and lime. 
G. In consequence of containing much more of silicate of hme, the trap rocks 
are more fusible than the granitic: so if we admit that the internal tem-^ 
perature of the earth has diminished, we might expect that the former would 
remain in a melted state after the latter bad all been consolidated. De la 
Biche's ITieoretical Ckology, p. 305. 

Opposite Ehfpothcm. Mr. Lyell maintains that unstratified rocks of every 
description may now be forming at various .depths in the earth, even in the 
same relative quantity as at any former period ; and that the different de- 
grees of pressure and other circumstances under which the melted matter is 
cooled, are sufficient to explain the differences of compMition and lithological 
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chai^ten which they exhibit It is not pretended, however that there is 
any positive evidence in favor of this supposition : that is, none of these re- 
cent Plutonic rocks have ever been seen. lA/eWs Elements Geology^ Vol. 2. 
p. 347. 

Geologicid Ma/ps and Sections, 

Deser. Common or physical maps form the basis of geolo- 
gical ones : and when the former are inaccurate, the latter must 
be so too. The chief diJBTerence between them is, that on a geo- 
logical map the different rocks found in the region delineated 
are shown either by dots, crosses, circles, &c. or more usually 
by colors. The only exception ie, that when the nature of 
the subjacent rock can be determined, diluvium is usually 
omitted. 

Descr. Some geological maps designate only the classes of 
rocks : but these are very imperfect, and the biest maps show 
the extent of e&ch rock. 

Descr. The dip of the ttrata, (which of course determines the strike,) 
k sometimes shown upon a geolo^cal map. Tliis is usually done by an 
arrow, which points in the direction of the inclination. If the strata are 
perpendicular, it may be represented by the lines crossing at right angles ; 
one of which is shorter than tl\p other. If the two lines are equal, so as to 
form a cross they indicate horizontal strata. An anticlinal axis is shown by 
a straight line crossed by an arrow with two heads. Where the strata un- 
dulate a good deal, the body of the arrow may be crooked. De la BeMs 
Manual of Geology ^ p. 602. 

Rem, The best geological maps hitherto publiBhed in Europe, are 
Grreenough's map or England and Wales; Elie de Beaumonrs and 
Dufrenops France ; Hoffman's Northwestern Germany ; and Oeynhausen, 
La Roche, and Yon Dechen's Rhine. In this country, Maclure's Ueological 
Map of the United States, althoug^h it exhibits only the great classes of 
rocks, yet considering the early period at which it was executed, most be 
regarded as very valuable and a work of immense labor. The gec^ogical 
surv^s now going on in most of the States, have already produced Maps 
of IMuussachusetts, Rhode Island, New Jersey, and Tennessee ; and others 
are in a state of great forwardness. 

Descr. A geological section represents a vertical cut in the 
earth's crust, so as to exhibit to the eye the rocks in their na- 
tural and relative situation. The most valuable sections of this 
sort are those copied from cliffs, on the sea coast, or the banks 
of rivers. But usually it is necessary to construct them from 
what we can learn of the rocks and their dip at the surface ; 
presuming that they continue the same to the depth of the sec- 
tion. Such sections, therefore, are somewhat ideal : but if 
carefully constructed, we may be sure that we are not far from 
the truth. 

Descr. It is usually necessary to employ two scales in constructing sec- 
tions ; one for height!, and the other for horizontal distances : otherwise tha 
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t 
MCtioiii rnSBt be of great exteot, or the hdehto would be fcarcely percepti- 
ble. On the other hand, two scatee produce distortion : so that great cautioa 
is necessary, not Only in the construction of sections, but in drawing infer- 
ences from them, 



SECTION V, 

PAt^ONTOLOGY, OR THE SCIENCE OF ORGANIC REMAINS. 

Def. tfi all the stratified rocks above the primary, more or 
less of the relics or traces of animals and plants occur, som^ 
timSs called petrifactions, but more commonly, ojrganic remains, 

Dsf. That branch of geology which gives the history of 
these remains, was formerly denominated oryctology ; but If 
now called palcBontology. 

1. General Characters of Orghnic Remains, 

- Descr. In a few instances, animals have been preserved en- 
tire in the more recent rock. 

E:pam. About the beginning of the present century, the entire carcass of 
an elephant was found encased in frozen mud and' sand in Siberia. It 
was covered with hair and for, as some elephants now are in the Himalayah 
mountains. The drift along the shores of the Northern Ocean, abounds 
with bones of the same kind of animals : but the flesh is rarely preserved, 
Cuvier's Essay on the Theory of the Earthy p. 353, Neio York, 1818. De 
la BeMs Manual of Geology ^ p. 200. In 1771, the entire carcass of a 
rhinoceros was dug out of the frozen gravel of the isame country. Bake" 
u-cWs Geology y j?. 331. 

Descr. Frequently the harder parts of the animal are pre- 
served in the soil or solid rock, scarcely altered. 

Rem. Many well authenticated instances are on record, in which 
toads, snakes, and lizards, have been found alive in the solid parts of 
living trees, and in solid rocks, as well as in gravel, -^eep beneath the 
surfdce. But in these instances the animals undoubtedly crept into such 
places while young, and ailer being grown could not get out. Being 
very tenacious of life, and probably obtaining some nourishment occa- 
sionally by seizing upon insects that might crawl into their nidus, they 
might sometimes continue alive even many ^ears. But such examples can 
not come under the denomination of organic remains. See an interesting 
paper on this' subject by Dr. Buckland, in the American Journal of Science^ 
Vol. 23, p. 212. 

Descr. Sometimes the harder parts of the animal are partially- 
impregnated with mineral matter ; yet the animal matter is still 
obvious to inspection. 

Descr* More frequently, especially in the older secondary 
rocks, the animal or vegetable matter appears to be almost 
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entirely replaced by mineral matter, ao as to form a 

petrifaction. 

Rem. Probably in every case, however, a chemical process would show 
the presence of considerable organic matter. > Parkinsons Organic RemaiTht 
of a Ftyrmef World, Vol. 2. p. 284. 

Descr. Sometimes after the rock had become hardened, the 
^ animal or plant decayed and escaped through the pores of the 
stone, so as to leave nothing but a perfect mould. 

Descr, After this mould had been formed, foreign matter 
has sometimes been infiltrated through the pores of the rock, 
so as to form a cast of the animal or plant when the rock is 
broken open. Or the cast might have been formed before the 
decay of the animal or plant. 

Descr, Frequently the animal or plant, especially the latter, 
is so flattened down that a mere film of mineral matter alone 
remains to mark out its form. 

Descr. All that remains of an animal sometimes is its track 
impressed iwn the rock. 

Descr. The mineralizer is most frequently carbonate of 
lime ; frequently silica, or clay, or oxide, or sulphuret of iron, 
and sometimes the ores of copper, lead, he. 

2. Nature and Process of Petrifaction. 

Def Petrifaction consists in the substitution, jnore or less 
complete, by chelnical means, of mineral for animal or vegetable 
matter. De la Beckers Theoretical Geology^ Chapter 13, 

Descr. The process of petrifaction goes on at the present 
day to some extent, whenever an animal or vegetable substance 
is buried for a long time in a deposit containing a soluble 
mineral substance that may become a mineralizer. 

Exam. 1. Clay containing sulphate of iron, will, in a few years, or even 
months, produce a very perceptible change towards petrifaction in a bone 
buried in it. BakeiasWs Ckology, p. 19. Some springs also hold iron in 
solution ; and vegetable matters are in the process of time thoroughly 
changed into oxide of iron. This is seen often where bog iron ore is yearly 
depositing. 

Exam. 2. M . Goppert placed fern leaves carefully in clay, and exposed' 
the clay for some time to a red heat, when the leaves were made to 
resemble "petrified plants found in the rocks. Wonders of Geology, Vol: 
2. p. 561. 

Hypothetical Exam. 3, M. Patrin and Brongniart suggest that the petri- 
fying process may sometimes be effected '* suddenly by the combination of 
gaseous fluids with the principles of organic structures." WoTKlers of 
Geology, Vol. ^. p. 559. Some facts render this probable. For stems of a 
soft and succulent nature are preserved in fiint ; and the young leaves of m 
palm tree in a state just about to shoot forth, have been found completely 
silicified. JjyeWs Elements of Qeoiogy, Vol. 1. j7. 82. 
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8. Means of determining the Nature of Organic Remaim, 

Prin. The first requuite for datermimni^ the character of 
organic remains, is an accurate and extensive knowledge of 
zoology and botany. This will enable the observer to ascertain 
whether the species found in the rocks are identical with those 
now living on the globe. 

Prin. The second important re^tiisite is a knowledge of 
comparative anatomy : a science which compares the anatomy 
of different animals and the parts of the same animals. 

Mem. 1. This recent science reveals to ns the .astonishinir &ct, 
that so mathematically exact is the proportion between the afferent 
parts of an animal, " that from the character of a single limb, and even 
of a single tooth, or bone, the form and proportion of the other bonesi 
and the condition of the entire animal may oe inferred." — "Hence, not 
only the frame work of the fossil skeleton of an extinct animal, but also the 
character of the muscles, by which each bone was moved, the external form 
and figure of the body, the food, and habits, and haunts, and mode of life 
of creatures that ceased to exist before the creation of the human race, can 
with a high degree of probability be ascertained." BucklaiuPs Bridgeteater 
Treatise, Vol. I. p. 109. See also Cuvier's Ossemeru FossUeSy Tome 1. p. 47. 
Ttoisieme Edition. 

Rem. 3. It is clear from the preceding statement, that no individnal can 
hope to possess in himself all the requisites for successfully determining 
organic remains. For the field is too large for any one to hope to become 
fitmiliar with all its parts. Hence, at this day, it is customary for the 
geologist to resort for aid to the botanist, the zoologist, and the comparative 



4. Classification of Organic Remains. 

Prin. Organic remains may be divided, according to their 
origin, into three classes : 1. Marine. 2. Freshwater. 3. 
Terrestrial. 

Rem. 1. The last class appear in most instances where they occur^ to 
have been swept down by streams from their original situation into estuaries ; 
where they were mixed with marine relics. Sometimes, perhaps, they were 
quietly submerged by the subsidence of the land. 

Rem. 2. The following table will show the origin of the remains in the 
difietent groups of fossiliferous rocks. 

Cambrian and Silurian Systems ) Marine. 

(Graywacke.) J Rarely Terrestrials 

Old Red Sandstone. Marine. 

Carboniferous Limestone. Do. 

Coal Measures. Terrestrial Estuary Deposits, 

and submerged land. Rarely perhaps fresh water deposits. 

New Red Sandstone Group. Marine. 

Oolitic Group. - ^**i!7 Marine, 

but in a few instenoes, Terrestrial. 

Wealden Rocks. Estuary D^)osit. 

Cretaceous Group. Marine. 

8 
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Terdtfy Strata. Marine and Fresh Wator. 

Diluvium. Terrestrial. 

Inf. It appears from the preceding statements that by 
far die greatest part of organic remains are of marine ori- 
gin. Nearly^ the terrestrial relics indeed, and many of 
fresh water origin, have been deposited beneath the waters of 
the ocean. 

5. Ammmi of Organic Remains in the Earth! s Crust. 

Deser. The thickness in feet of the fossiliferoas strata in 
Great Britain, as given in the tabular view of the stratified 
rocks, is as follows. 

Ir 



Tertiary Strata, 1350 feet. 
Chalk, 600 do. 

Grreen Sand, 480 do. 

Wealden Group, 900 do. 

Oolite— mean thickness, 1230 do. 

Lias, 1050 do. 
New Red Sandstone, 900 do. 

Magnesian Limestone, 300 do. 

Coal Measures, 3000 do. 

Millstone Grit, 900 do. 
Carboniferous Limestone, 1800 do. 

Old Red Sandstone, 9900 do. 

Silurian Rocks, 7470 do. 

Cambrian System, 9000 do. 

Total, 34.080 feet; or about 6.5 miles. 

Rem. 1. We have already seen that Prof Rogers makes the fossi- 
liferous rocks in this country below the coal measures inclusive, 40.000 
feet thick. ; 

Descr, Organic remains occur more or less in all the fossi- 
liferous strata whose thickness has been given. As a matter 
of fact, they have been dug out several thousands of feet below 
the present surface. 

Descr. In the Alps, rocks abound in organic remains from 
6000 to 8000 feet above the level of the sea : in the Pyrenees, 
nearly as high ; and in the Andes and the Himalayas, at the 
height of 16.000 feet. 

Descr. Frequently beds or layers of rock, many feet in 
thickness, appear to bd made up alpiost entirely of the remains 
of animals or plants : indeed, whole mounkdns, hundreds and 
even thousands of feet high, are essentially composed of organic 
matter. 
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Descr, Prodigious accumuktioiis of tke i^lies of miefoteopie 
^nim ula are frequently found in the rocks. 

Exam. 1. From lest than 1.5 ounce of stone, in Tuscany, SoUUuu 
obtained 1(0.454 chambered shells, like the Nautilus. :— 400 or 500 of 
these weighed only a single grain ; and of one species it took 1000 to make 
that weight. These were marine shells. BucklaruTs Bridgewaier ly-eatise, 
Vol.1, p.m. 

Exam. 2. In fresh water aecumnlationa a microscopic crustaceous ani- 
mal called the cypris, often occurs in immense quantities; as in the 
Hastings sand and Purbeck limestone in England, where strata lOOO 
feet thick are filled with Uiem : and in Auvergne, where a deposit 700 
feet thick, over an area 30 miles widciund 80 in length, is divided into 
layers as thin as paper by the ezuvis of the C3rpris. S^ne Work^ p, 118. 

Exam. 3. But perhaps the most remarkable ezamde is that deprived firom 
the recent discoveries of the Prussian naturalist Khrenbwg, resnectinff 
the fossil remains of animalcula. In one place in Germany is a bed 14 
feet thick, made up of the shields of animalcula so small, that it requires 
41.000.000.000 of them to form a cubic inch ; and in another place, a 
similar bed is 28 feet thick. In Massachusetts, are numerous beos com- 
posed of the siliceous shields of infusoria (of a somewhat larger size 
than those mentioned above,) many feet in thickness; and similar beds 
occur all over New England and New York. Recently deposits of these 
carapaces or shields, have been discovered by Prof. Wm.' B. Rogers in 
the tertiary strata of Virginia, extending over large areas, and from 12 
to 25 feet thick ! Report on tke Geology of Vvrgirda, for 1840, p, 28. 

Descr, It is a moderate estimate to say, that two thirds of 
the surface of our existing continents are composed of fossi- 
Uferous rocks ; and these as already stated, often several thou- 
sand feet thick. 

Hem. 1. This estimate might, without exaggeration, be confined to 
strata that Contain marine exuviis : — ^that is, such as were deposited be- 
neath the ocean. 

Rem. 2. After all, the preceding statements convey but a very in>- 
perfect idea of the amount of organic relics in the rocks. To obtain a 
just conception of their vast amount, a person must visit at least a fbw 
localities. 

6. Distribution of Orga/nic Remains. 

Descr. Existing animals and plants are arranged into dis- 
tinct groups, each group occupying a certain district of land oi 
water ; and few of the species ever wander into other districts. 
These districts are called zoological and botanical provinces ; 
and very few of the species of animals and plants which they 
contain, can long survive a removal out of the province where 
they were originally placed ; because their natures cannot long 
endure the difference of climate and food, and other changes to 
which they must be subject. 

Rem. Although naturalists are agreed in maintaining the existence 
of such provinces, yet they have not yet settled their exact number ; be- 
cause yet ignorant of the plants and animals in many parts of the earth. 
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Dr. PriciMid pfopoMt seren for the aniiinli. Ph^fWM^ miimy of MaMnd^ 
Vol. 1. jip. 6^97, third editUm. Mr. Swainson aftimates the ornithologictl 
TOOvinces at fire. Encydopadia of Geography, VoL 1. ;». 267. Bory St. 
VBicent makea five for ue mammalia alone. Dimonnaire Gassique DSisL 
NaJtiwreXLe, Tbme^ Septume^ p. 300. Some have reckoned as many as 
eleven : but what makes it very difficult to determine the point, is, that the 
boundaries of these provinces for different classes of animals does not 
always coincide. Decandolle, reckons the botanical provinces at twenty. 
Pfof Scboow makes twenty-two. Encydepadia of Qeogropky, Vol, I. p, 
350, iiffi. Edition. But Prof. Henslow estimates them approximately at 
forty-five. Dr, Smith's Scripture Cfeohgyt p. 73. -On this difficult subject, 
see the fVmch DieUonary of Naturai History above referred to, Artide 
Qeographie: Also Flemings Philosophy of Zoology, Vol. 2. Also JjyeWs 
Principlea of Oedogy, Vol. 3. Also Priakard^s Physical History of Man, 
Vol. 1. Enoyelopadui of Geography, Vd. I. ^, ^. 

Deser. Sometimes mountains and sometimes oceans separate these districts 
on the land. In the ocean they are sometimes divided by currents or 
shoals. But both on land and in the water, difference of climate forms the 
most effectual barrier to the migration or species: since it is but a few 
species that have the power of enduring any great change in this respect 

Deser, In some instances, organic remains axe broken and 
ground by attrition into small fragments, like those which are 
now accumulating upon some beaches by the action of the 
waves. But often the most delicate of the harder parts of the 
animal or plant are preserved ; and they are found to be group- 
ed together in the strata very much as living species now are 
on the earth. 

lUus. In a fossiliferous formation of any considerable thicknessj we 
usually find somewhat such an arrangement as the following. The 
whole is divided into many distinct beds of different thickness. At the 
bottom, perhiqps, we shall find a layer of argillaceous or siliceous rock, 
with few or no remains : then will succeed a layer, perhaps calcareous, full 
of them in a perfect state.: next a layer of sand or dar, or limestone con- 
taining none : next a layer made up of the fragments of rocks, animals, and 
plants, more or less comminuted : next a layer of fine clay : then a layer 
abounding in remains. And thus shall we find a succesrion of changes to 
the top of the series. 

Inf. From these facts it is inferred, that for the most part, 
the imbedded animals and plants lived and died on or near 
the spot where they are found; while it was only now and then, 
that there was current enough to drift them any considerable 
distance, or break them into fragments. As they died, they 
sunk to the bottom of the waters and became enveloped in muo, 
and then the pocesses of consolidation and petrifaction went 
slowly on, until completed. 

Rem. 1. So very quietly did the deposition of the fossiliferous rocks 
proceed in some instances, that the skeletons and indusie of microscopic 
animals, as we have seen, which the very slightest disturbance must have 
erushed, are preserved uninjured ; and frequently all the shells tbund in a 
layer of rock, lie in the same position which similar shells now assume upon 
the bottom 6f ponds, lakes, and the ocean : that is, vnUi a particular part of 
the shell uppermost 
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Rem. i. Were the bottom of our eziiting ooomm and lakee , where 

mad, sand, and gravel, have been accumulating lor ages, and envelojnng 
the animals and plants that have died there, or been drifted thither, were 
this to be now elevated above the waters, we should find exactl^.such 
an arrangement of organic remains, as we find in a particular formation of 
the solid rocks. While there would be a resemblance between the relics 
in different seas and lakes, there would be great specific diversity ; just 
as we find in different g[roups of rocks in different countries : and hence 
the conclusion seems fair, that these rocks with their contents had an 
origin similar to the depositee now fi>rming at the bottom of existing bodice 
of water. 

Rem, 3. In the existing waters we find that different ani- 
mals select for their habitat different kinds of bottom : thus, 
oysters prefer a muddy bank ; cockles a sandy shore ; and lob- 
sters prefer rocks. Sp it is among the fossil remains : an addi- 
tional evidence of the manner in which they have been brought 
into a petrified state. Phillips's Geology^ p. 53. 

Prin, There is reason to believe that the temperature of the 
globe in early times was much higher than at present, and of 
course more uniform over its surface : and hence the range of 
particular species of animals and plants might then have oeen 
more extensive than at present ; and the number of botanical 
and zoological provinces less numerous ; and this inference is 
sustained by the facts of fossil geology. 

DescT. In a particular district we find but little change in 
the character of organic remains, as we ascend or descend in the 
series of rocks, until there occurs a change in the nature or 
mode of deposition of the rock. Then we find new species in- 
troduced, and more or less of the old ones disappearing. Some- 
times the change of species is gradual and sometimes sudden, 
corresponding to the change in the rock. 

Pnn. In comparing organic remains from different forma- 
tions, it should be recoJSected that they may belong to the same 
class or order, or ^enus, and yet be widely different from one 
another : and that it is only when they are of the same species^ 
that they are identical. 

Descr. If we compare together the remains of the cretaceous 
formation, the red sandstone formation, the carboniferous sys- 
tem, and the Silurian formation, in different parts of Eneland, 
we shall find that those most remote from one another in locali- 
ty, differ most widely : but almost without an exception, those 
in each formation are specifically distinct from all those in the 
other formations. Phillip^ s Geology, p, 5L 

Descr. If we compare the fossils of the tertiary and secon- 
dary classes of rocks, we shall find that they have scarcelv any 
species common, so far .as has been yet ascertained, either of 
animal or plant LytUs Prin. GeoL Vol 1. p. 205. 
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Deser. If we examine a formation througli its wbole extent, 
we shall rarely find that any species of organic remains is uni- 
Versally diffused, unless the extent of the formation be quite 
limited.. If we compare the same formation in different coun- 
tries, the specific resemblance between the organic contents will 
diminish nearly in the inverse ratio of the distance between 
them. Phillips^ s Treatise on Geology^ from Ency.Britt p. 52. 

Exam. Tn Egypt the cretaceous rocks contain diflerent fosstk from 
the chalk of England : and the same is trne of the chalky rocks on the 
southern faces of the Alps. More than a hundred species of orsauie 
relics have been described in the rOcks of the United States, which are 
supposed to correspopd with the chalk formation m Europe : yet only two 
or three species are identical. Morton*: Synopsis of tke Organic Remains 
of the Cretaceous Group of the United States^ p. 83. Pkiiaddphia^ 1834. 
Phillips's Geology^ p. 156. 



Rem. In a few instances', particular species have a very wide diffusion in 
imporaneous rocks. The Belemmtes mucronatus is found in nearly 
every cnalk deposit in Europe. The trilobite, Calymene Blujnenbachii^ and 



the coral, Caieniporay are found at most localities of Silurian limestone in 
Europe and North America. 

Prin. Families and genera that were cotemporaries, appear 
to have had a very wide geographical diffusion, as they nave 
among existing animals and plants: but for the most part, 
species occupied but a narrow geographical area. Philtipis 
Treatise on Geology, p. 53. 

Exam. Specifically unlike as are the organic contents of the cretaceous 
formations in' Europe and North America, yet the same genera (ex. gr. 
Ezogyra, Gryphsea, Baculites, Beleginites, Scaphites, and Ammonites,) 
abound, and even between the species there is a close analogy. 

Prin. Judging from the distribution of living animals and 
plants, contemporaneous formations in widely separated portions 
of the globe may contain organic remains very much alike, or 
very much unlike. 

lUus. Comparing the marine animals on the coast of the United States^ 
with toose on the shores of Europe, we find at least 24 species of shells com-' 
mon to both, and no reason can be assigned why as close a resemblance 
might not have existed at earlier periods. MorUnCs SynapsiSyP. 83. On the 
other hand, how unlike are the animals and plants of New Holland and its 
coasts, to those of Europe or the United States. 

Prin. Rocks agreeing in their fossil contents, may not have 
been contemporaneous in their deposition. 

Proof. .The causes that have produced changes of organic life may have 
operated sooner upon some parts of the globe than upon others, so that par- 
ticular animals and plants may have continued to be deposited in some spots 
longer than in others. , 

Rem. Probably, however, such a diversity in different parts of the globe 
could not have continued very long, so that rocks with the same organic 
remains may be regarded as not differing greaUy in age: and besides, 
as already stated, there is reason to suppose that m earlier times there was < 
greater uniformity of climate and condition on the globe than at present 
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Inf. From all that has been adyanced, it appears that an 
identity of organic remains is not alone sufficient to prove a 
complete chronological identity of rocks widely separated from 
each other : but it will show an approximate identity as to the 

Seriod of their deposition ; and in regard to rocks in a limited 
istrict, it will show complete identity. 

Proof. Identity of organic remains proves only the existence of similar 
conditions as to climate, food, dec, : but m remote regions of the globe these 
conditioos may have existed at different periods, though not probably separ- 
ated by long intervals; and therefore the identity is approximate: that is, 
deposits containing the same organic remains were produced at eras not 
widely remote from each other. But in respect to limited regions of a conti- 
nent, much difference of climate could not have existed at the sane time ; 
and therefore, an identity of organic remains proves the synchronism of the 
deposits containing them. 

Prin. If the mineral character of two rocks agree, as well 
as their organic contents^ their synchronism will be shown to 
be more probable. But on the other hand, a want .of agreement 
in. the mineral characters, ought notjto be regarded as proof 
that they were not contemporaneous. 

Proof. The mineral composition of rocks, forming in regions veiy re- 
mote, must have been subject to as great diversit}^ as their organic contents. 
Bat if their mineral composition is the same, it increases the probability of 
their synchronal deposition. 

Prin. Still stronger evidence of synchronism is obtained 
when rocks agree in their superposition, as well as in the cha- 
racters above named. This character, indeed, when it can be 
a})plied, is very conclusive : but in remote regions it is applied 
with great dimculty. 

Rem. The identification of strata in widely separated regions is one ef 
the most difficult problems in jeology ; and one where there is great roflan 
fi>r the play of fancy. De la JBech£*s Theoretical Geology. Chafers 11, 19, 
13. £^s JSlements of Geology, Chapter IX. Vol. I. 

Tabular View of Organic Remains. 

^DMe. The following Tabular View of the Organic Remains in the 
different formations, will show how the different fitmilies of animals and 
plants are distributiM] in the rocks. It is derived from the latest authorities, 
within my reach. But it will be seen by the references beneath the Table, 
that these authorities differ widely in their dates ; so that some of the > 
numbers are far more in accordance with the present state of the science 
than othen. Nevertheless, some important inferences may be deduced from 
such a Table: and therefore I give it, though confessedly imperfect. I 
have added the numben of living species that have been described, so far as 
I have been able to obtain any estimates that approximated near enough to 
the truth to form a basis of reasoning. Of course, all the numbers of this 
Table must be regarded as falUng nr below the actual numbeis, both of 
living and extinct species. 
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Professor John Phillips's Treatise on Geology, 1837. 

Adolphe Brongniart in 1829. 

Lyell's Elements and Principles of QetAoejj 1842. 

De la Beche's Manual of Geology, Tldrd Edition, 1833. 

Affassiz. 

AT. Brongniart. Tableau des Terrains, 1829. 

Buckland^s Bridgewater Treatise, 1836. 
m. Manteirs Wonders of Geology, 1838. 
n.. Mining Review, Dec. 1838. 
o. Pro£ Bronn's Lethsa Geognostka, Stnttgwrt, 183a 
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htf. 1. Fron tli» ymcmianm table we learn thai iU tbt 
umorftant claMes of anunals ana plants aae lepreaented in. tlia 
different formations. 

Inf. 2. Hence we learn that the hypothesis of Lamaick is 
without fouadation, which supposes there has been a tnmstnu- 
tatioii of species from less to more perfect, since the begumiag 
of organic life en the globe : that man, for instance^ heeaft his 
race as a menad, (a particle of matter endowed with vitalitT,) 
and was conyertod into several animals successively ; Uie 
ourang^utang beine his last condition, before he became man. 
LpelEa Prin. Geol. V9L 3. Book 3, where this subject is treated 
ablj and fully. '^ The Sauroid fishes," says Dr. Buckland, 
(Bridgewater TreaHse^ VoL 1. p. 294,) " occupy a higher nlaee 
in the scale cT ooreanization than the ordinary forms of oonr 
fishes; yet- we fina examples of Sauroids of the greatest rnagn*- 
tude and in abundant numbers, in the carboniferous and 



dary formations, whilsithey almost disappear and .are xaplaced 
by fes» perfect forms in the tertiary strata, and present only 
two genera among existing fishes. — In this, as in many other 
eases, a kind of fetrograde development, from complex to 
simple forms may be said to have taken places" 

inf, 3. We learn, however, that in the eaiHer periods 
of the world, the less complex and less perfoct tribes of animals 
and plants greatly predominated, anif that the more perfect 
species became more and more numerous up to the ereatiom ef 
the present races. 

Inf. 4. Vegetable life must have commenced on the globe 
nearly as early as animal life. 

Proof. Vegetable remainB have not indeed been fitaad among U)e 30 
or 30 species of organic relics discovered in the Cambrian group of 
rocks : but they occur in the Silurian group : and it would m prema- 
ture to infer their non-^^istence in the Cambrian groupj until^ nifther 
researches are made among fossiliferous clay slates: espec^lly since the 
presumption is strong, that marine vegetables must have existed contempo- 
raneously with marine animals, in order to fhrnish th« latter with food. 
BucklancPs Bridgewaier TreaUse, Vol. 1. p. 451. PkUUp^s Trtatw m 
Geology, Vol. 1. p. 128. 

Inf. 5. Dry land, capable of sustaining vegetation, must 
have existed soon after the deposition of the fossOiferous rocks 
commenced. ^ 

Proof 1. Terrestrial vegetable remains occur in rocks of tbe^ gray- 
wacke period. 2. The detrital character of the rocks of that group 
makes the existence of dry land during its deposition almost certain; 
since rocks entirely beneath the waters are but slightly worn away by 
oceanic currents. 

Dtscr, The family of coniferous plants is found in the earB- 
est rocks, and at each successive change in the physical eondi- 
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tioQ of the ^obe, the number of its genen. and species inonas- 
ed, until it forms among existing plants about one three hun- 
dredth part of the whole flora, or nearly 200 species. Palms 
abo occur, though sparingly, in all the tormations. ^ 

J^escr, The 300 species of fossil plants found in and beneath 
theoarboniferous strata, Sfewtwo thirds tree ferns and eigantie 
Equisetacea. Ten Conifer®, and plants intermediate between 
these and Lycopodiacese, viz. Lepidodendra, Sigillaria, and 
StigmarisB, toffether with 10 Monocotyledonous plants, form the 
remainder. mantelVs Wonders of Geology^ Vol. 2. p. 668. 

Descr. Of the 100 species found between the carboniferous 
strata and the tertiary groups, one third are ferns; and most 
of the remainder are CycadesB, ConifersB, and Liliaeeae. More 
of the first named family have already been^ found fossil, than 
exist at present on the globe. They form more than one third 
of the entire fossil flora of the secondary formations ; but less 
than the 2000th part of the existing flora. 

Deser. The plants of the tertiary strata approximate closely 
to the existing flora. 

Descr, Bmow the new red sandstone vascular cryptoeainifls, 
or iflowerless plants, ereatly predominate, while dicotyledonous 
plants are rare. In the secondary strata above the coal, there 
IS an approach to equality between these two classes : in the 
tertiary strata the latter predominate ; and in the existing flora, 
two thirds are of this class. Buekland/s Bridgewater TVeatise, 
Vol 1. p, 520. 

7. Periods in which different plants and animals began to a/p» 
' pear on the Globe, and in which some of them became extinct 

Prin, In g^eneral, plants and animals began to exist first on 
the globe during the period when the lowest rock in which 
their remains are found, was deposited. 

Proof 1. Those animals and plants are excepted that are 
too frail to be preserved in the rocks: but in respect to all 
others, no reason can be assigned why their remains should not 
be found along with those of other organic beings existing at 
the same period. Particular species, from being less numerous, 
or being less likely to get enveloped in deposits formed by water 
(as birds for instance,) may be rarely found in the rocks : and 
therefore, we should not be hasty to infer that a species did not 
exist, because we have not discovered its remains. Bat if a 
formation has been pretty extensively examined, the presump- 
-tion is strong that few new species will be found in it 
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2. Comparatire anatomy here comes in to our aid. For it 
ifl found tnat certain types of organic existence eharacteriie 
particular geological periods : and naving ascertained the tjrpe 
tor any particular period, we may infer with neat certainty 
that an animal or plant of a very different type will not be found 
among the orgamc remains of that formation. Thus, we find 
in general the fossils of the carboniferous group to have been 
adapted to a climate of a tropical character : and to expect to 
find in that §70up, animals or plants adapted to a temperate 
climate, would be unreasonable ; because the two tribes could 
not have existed in the same climate. 

. Descr, The following is the order in which some of the 
most important animals and plants have first appeared on the 

flobe : in other words, the epoch of their creation. It may in- 
eed, be hereafter found, when the rocks have been more exten- 
sively examined, that some appeared earlier. 



Silurian and Cambrian, or 
Gray wacke Period. 



Zoophytes, 

Marine SkeUs, 

Crustacea, (Trilobitos.) 

jPisAe5— Placoidians and Qanddiant, (Saarrnds 

and Sharks,) also thoae with heterooercel 

tails. 
Flowerleis Plants. ) Marine. 
'^Ftowering Plants. J Terrettiial. 



Garboniieroiu Period. 



FHshes : (Cephalaspis, &c.) 

Arachnidams : Scorpions. 

Coleopterous Insects. 

Fresh, Water ShOls. 

Dicotyledonous Planfy—Comifetm ; (Pines, Ac.) 

CycadeiB. 
MonocoVyledonous Plants^ Palms Scitamin». 



Red Sandstone Period. 



Tracks of Birds, Tortoises, and Chirothena 
or gigantic Batrachians. 

Reptiles : Monitor, Phytosaurus, Ichthyosaurus, 
Pleeiosauras, Mastodonsaurus, (^Lalfyrintki-' 
dmi) Thecodontosaurus, Palsosaurus. 

Crustacea: Paltnurus. 

Fishes: Pal»oniscus, &c. 
^Dicotyledonous PUmts^ Yoltzia, &c. 
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Ooliftic Period. 



Tcrtuury F^od. 



WetldflB Period. 



Cntaeeous Period. 



Miammaiiiiz (SlaTsupjak) TbileeoUieKiaiu, and 
Phaacolathenam, rDiJelphys of BuckUnd.) 

Reptiles: SaurocepnaluB, Saurodon, Teleosaurue, 

StreptoepondjluB, Megaloeaurus, Lacerta neptunia, 

^IckIod, Rhacheoeaarus, Plenroeauros, GeoaannM, 

Macrospondjlus, Pterodactylus, Grocoidile, GaTial, 

Tortoise. 

Fishes: Pycnodontes and Lepidoidee. (Dapediam, 
&c.) with homocercal tails. 

Arachnidans: Spiders. 

Insects : Libelluls, ColeopCiBra. 

Crustacea: Pagurus, Eryen, ScjlUurue, Palsmon, 

Astacus. 

Plants: Cycadee, (Pterophyllam, Zamia,) ConifenSi 
(Thuytes, Taxitee,) Lilia, (Bucklandia.) 

' Birds: Grall«, (Tilgate Forest.) 
Reptiles : Iguanodon, Ijeptorynchus, Trionyz, Emys, 

Chelonia. 
Fishes : Leiudotus, PycnoduB, dec. Freeh water and 
Estuary sheila. 

Insects. 

RepUles: Moeosaunis, &c. 
Fuhes: Ctenoidians and Cycloidians. 
Crustacea : Arcania, Etysa, Coiyster. 
^ Plants : Conferve, Naiades. 

MimmaUa: 1. Eocene Period, 50 species: — ^Paln- 
otherium, Anoplotherium, Lophiodon, Anthraco- 
tberium, Cheroptamus (allied to the hoff), Adapu 

i resembling the hedgehog,) Camivora : Bat, Canis 
Wolf and Fox) Coatis, Racoon, Genette, Dor- 
mouse, Squirrel. Reptiles: Serpents. 
Birds : Buzzard, Owl, Gluail, Woodcock, Sea Lark, 

Curlew, Pelican, Albatros, Vulture. 
Reptiles: Fresh Water Tortoises. 
Fishes : seven extinct species of extinct genera. 

2. Miocene Period: Ape, Dinotherium, Tapir, Chali- 
cotherium, Rhinoceros, Tetracaulodon, Hippothe- 
rium, Sus, Felis, Machairodus, Gulo, Agnotherium, 
Mastodon, Hippopotamus, Horse. 

3. Pliocene Period: Elephant, Ox, Deer, Dolphin, 
Seal, Walrus, Lamantin, Megalonyx, MefipBthe- 
rium, Glyptodon, Hysna, Ursus, Weasel, Hare, 
Rabbit, Water Rat, Mouse, Dasyurus, Halmatorus, 
Kangaroo, and Kangaroo Rat. 

Birds : Pigeon, Raven, Lark, Duck, dus. 

Fiskes: (in the formation generally) more than 100 

species now extinct which belong to more than 40 

extinct and as many living genera. 
Insects: 162 genera of Di^era, Hemiptera, Coto- 

optera, Aptera, Hymenoptera, Neuroptera, and 

Orthoptera.* 



' Bnmn*! Letbaa Oeognostica, p. .811. 
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iSkOi; In th«N0irer PlioeeM Period, 90 lo 95Mr 
cent, of living epedee ; 36 to 50 per cent in the older 
Pliocene : IT per cent, in tiie Miocene ; end ^A in 
the Eocene ; amounting in all, extinct and ncent, 
to 4000 epeciee. 

Plants: Poplars, Willowa, Elms, Chesnnts, Sjetm 
mores, and nearly 900 other species: seTon- 
eighths of which are monocotyledonoas or dIootjW* 
donous. 

Afofi, and most of the other species of existing anft> 
mals and plants. 

Human Remains* 



PrtTk The remains of men have not been found in any de- 
posit older than alluvian, except in a few cases where they nave 
probably been introduced into drift subsequent to its deposition. 
LyelPs Prim Geol. Vol. 1. p. 249, 282; and Vol. 3. p. 204, 
2363 298. 

Proof, In the earlier periods of geology, the fossil bones of other animals 
were often mistaken for those of man. Thus the Homo diluvix testis of 
. Scbeuchzer, was ascertained by Cnrier to be nothing bat a great salamander. 
At the present day, no practised geologist maintains that human remains hav» 
been found below drift ; although some writers on geologjr still defend that 
opinion. See Perm's Comparative Estimate of the MosauzU and Mineral 
Geologies, VW. 3. p. 124. F^irholme^s Geology of Scripture, p. 219. Com^ 
sUx^s Geology, p. 263. But some geologists on tue continent of Europe are 
of opinion that the bones of man are found so mixed with those of extinct 
quadrupeds, as in certain caverns in France, and the province of Liege, that 
all must^have been deposited at the same time ; that is, during the deposition 
of the most recent tertiary strata. Others suppose that these human remains 
must have been introduced subsequently. BucklaruPs Bridgeioater Tyeatise^ 
Vol. 1. p. 103. Upon tbe whole, no evidence has yet been afforded by 
geolo^, that man existed on the earth earlier than during the alluvial or 
historic period. Dr. Smith's Scripture and Geology, p. 396. Second Edition, 
London, 1840. 

OLjiction, Some writers contend that when Asiatic countries have been 
examined more thoroughly, the remains of man may be found in all the 
fossrttferous rocks: and that they do not thus occur in Europe and America, 
because he had not spread into these parts of the world till a long time after 
his creation. But on this subject it may be observed, 1. That so far as the 
countri«« of Asia have been geologically examined, theb organic relics cor- 
respond, as to distribution and general character, with Uiose of Europe and 
America; and hence the presumption is, that in all that quarter of the globe, 
the mammiferous animals will not be found much below the tertiary strata. 
3. Comparative anatomy strengthens this presumption, by showing con- 
clusively, that most of such animals as ^ow inhabit the globe, could not have 
lived when the same physical conditions existed that #ere necessary for the 
creatures found in the lower rocks. 

Rem. The remarkable specimens of human skeletons found imbed- 
ed in solid limestone rock on the shores of Guadaloupe, deserve atten- 
tion in this connection. At £rst view they may seem genuine ezam- 

9 
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pies of man in a ftaaU ttate. But they belong to the allanal Ibfmation, 
and probably were baried there only a few hundred yean ago. For the 
■ame rock contains sheila of existing species, as well as arrows and 
hatchets of stone, and pottery. It is nid that a battle took place on this 
spot about the year 1710, between the Caribs and Gallibis.— One of 
these specim e ns is in the British Museum in London, the other in 
the Garden of PUnts in Paris. BuckUmd^s Bridgewater TVeaUse^ Vol, 1. 
«. 104. Cwoier's Theory of the Earth, bf Jamaon and MUehdL, p, 235, 
N. York, 1818. Oiwie/s Discourse on the JUvoimtwns of the Suaface of the 
(Hobe : Philadeiphia, 1831. p. 83. 

8. Vertical Ra/nge of Anivaali and, Plants in the Strata, 

Descr. Not only did different species, genera, and families 
of animals commence their existence at very different epochs in 
the earth's history, but some of them soon became extinct; 
others continued longer, and some even to the present time. 

Descr. Species rarely extend from one formation into an- 
other ; but genera frequently continue through several forma- 
tions ; and> a few, even thrcTCigh the whole series of strata : and 
are still found amon^ living animals and plants. Orders are 
still more extenaive m their vertical range ; and all the great 
classes, as has been shown, extend through the whole series. 
Very many genera, however, and some orders, are limited to a 
single formation. Others,' after disappearing through one or 
more formations, at length re-appear. 

iZhu. The following tables will give an idea of the vertical distribn- 
tUm of several orders and genera. PkUKp^s TreaHse on Otology, VU, 1. p, 
76. et seq. 
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The foUowing tmUe cduUte the dieliihatioii of ievMil 
ZooDhyU; theii praMnee being indieeted by etan, and theb 



of 



^ 



STinife. 



Tertiaiy. 



Creteoeooi. 



Oofitic 



Saliibious. 



Caiboniferoiie. 



SUnrian. 



Lower S jitems. 



Rem. I have placed SteUeridana in the saliferoua flyatem on the authority 
of Dr. Buckland, {Bridgewaier Tyeatise. Vol. I. p. 416^ and in the SiIq. 
rian system on the authority of Prof. Trooet, in hie Pifih Report on tke 
Geology of T^eimessee, p. 13, 1840. 

The foilowinc^ ffenera of theUs, yer^ abundant at present on the globe, 
haTe a Very limitea range downwards. 
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181 


66 
32 


45 
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67 
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87 
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112 
66 


71 
196 


In Tertiary Syitem. 


In Cretaceous 4o. 
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In Oolitic do. 










InSaliieroiui do. 


















In Gray waeke do. 



The following genera are yerr uneqnal in their vertical range. One of 
them, the terebratoU, extendi through the whole series of formations and 
■tiUUves. 
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In Tertiary Strata. 
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Out of die maltiiiide of Oephdopodi, or chambered iheUe, thel 
in the ancient aeae, only two speciee have continaed to the preent 
Bifty beieen by the following table of their Tevtical range. . 
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Palaontologieal Chart, 

In order to bring under the eye a sketch of the Tertical range of the di^ 
ferent tribes of animals and plants, that have appeared on the globe from the 
earUest times, the chart wmch fiuces the title page, has been constructed. 
The whole sur&ce is divided into seven stnps, to represent Geological 
periods : viz. the lowest, the graywaeke period : the next, the carboniferous 
period: the next, the saliferous period: the next, the oolitic period: the 
next, the cretaceous period : the next, the tertiaTy period : and the highest, 
the nistoric period, or that now passing. The animals and plants are re- 
presented by two trees, having a basis or roots of primary rocks, and rising 
and expanding through the different periods, and showing the commence- 
ment, oevelopement, ramification, and in some cases the extinction, of the 
most important tribes. The comparative abundance or paucity of the dif- 
ferent families, is shown by the greater or less space occupied by them upon 
the chart ; although there can ofcourae be no sreat exactness in such repre- 
sentations. The numerous short branches, exhibited along the sides of the 
different families, are meant to designate ihe species, which almost uni- 
▼enally become all extinct at the conclusion of each period. Hence the 
branches are contracted in passing from one period into another, and then 
again expand, to show that the type of the genera and orders alone survive. 
Where a tribe, after having been devdoped during one period, disappears 
entirely during the next or several succeeding penods, but at length reap- 
pears i a mere line is drawn across the space whm it is wanting. 
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WhHe thk chart shows that all the gnat elasMs of'aniiMls and ylitatt 
•odstad from the earlieat tunes, it will also show the mdual expamion and 
increase of the more perfect groups. The Tertehrai animals, for inslanee, 
commence with a few fishes ; woose number increases upward : but no 
traces of other animab of this ^lass appear, till we rise to the saliferous 

S'oup, when we meet with the tracks of chirotheiia, tortoises, and birds, 
ut not till we reach the oolitic period, do we meet with the bones of the 
mammalia : and then only two species of marsupialia. No more of this 
dass appear till we reach the tertiary ^rata, where they are developed in 
great numbers, approaching nearer and nearer to the present races on the 
^loVe as we ascend, until, in the historic fieriod, the existing races, ten 
times more numerous, complete the series with man at their head, as the 
CROWN of the whole ; or as the poet expresses it, " the diapason closes full 
in man." 

In like manner if we look at that part of the chart which shows the de- 
"velopement of the vegetable world, we shall see that in the lowest rocks, the 
flowering plants are very few, and consist mostly of conifers and crcades : 
links as it were, between the flowering and the flowerless plants. It is not 
till we ascend to the tertiary period, that the willows, elms, sycamoresi and 
other species that ferm the forests of the temperate zone, appear. But lower 
down in the series, a few monocotyledonous plants are seen, such as IHies 
and palms; which, however, do not seem to have been greatly multiplied 
till we reach the tertiary period. Still more fully developed do we find them 
in the historic period ; where 1000 species of palms, — ^the crown of tiie 
yesetable worlds have been found. 

To refer to another example of a somewhat different character : take the 
saurian animals, which began to appear during the saliferous period. In the 
next period above, or the oolitic, their developement is very great ; so that 
the^ seem to have been the rulers of the animal creation. But above this 
penod, they gradually decrease, until among existing animals all their ro* 
presentatives, except the crocodile and the alligator, are on a most diminu- 
tive scale. 

A similar example amon^ plants exists in the lycopodiaceie ; which 
during the carboniferous period, formed trees from 40 to 60 feet high. But 
above that period, they rarely ^ipear ; and their only remaining repnsen* 
tatives on earth at the present time, are obscure plants a few inches in 
height. 

Much more information of this sort may be obtained by a few moments 
inspection of this chart ; which will prevent the necessity of details. As 
this however is the first effort that has been made to give such a representa* 
tion of the leading fibcts in palsontology, I shall expect that defects and im- 
perfections will be discovered in it.* 

9. Comparison of Fossil and Living Species. 

Prin. It is a moderate estimate to reckon the species of 
organic remains hitherto described in the rocks below th« ter- 
tiary strata, at 5000. Yet scarcely none of this number have 



* since the aboye was in type, (in the first edition,) I have received the Ltlhaa Geog^ 
mHiea of Profeaior Bromi, publitbed at Stuttgart in 1837 and 1838, where I find a chart 
constructed on CMenUally the eame principles. The wonder with me is, not that I have 
been anticipated, iHit that so rimple a plan to exhibit the leading facts of pal«ont<dogf , 
has not been employed by writers in the English language. 
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thtifl far be«n identified with any now living on iho gloW. In 
many cases they differ even genericaUy. 

Rem. The abov« estimate ^ould oake the whole namber of bmH fpecke 
9000. This is considerably below the estimales of Koferiteiii, a Gennaa 
writer, in 1834. He gives the foUowing numbers, in his IKe NatwrgnckidU 
desErdkopersinikrenentengrwuljsu^ 9m 

qm/xrUrhf Review for ApriJt, 1836, p, §fk 



. Bfiammaluu 


fm 


Birds, 


90 


^ssr 


104 
38$ 


Insects, 


9a 


Spiaers, Cnutaces, Xyphorara, 
E^tomoetraoea, Isopoda, Mjii^pod^ 


Stl 


MoUusca, 


$05$ 


AnndideSi 


S14 


Radiata, 


411 


Polypina, 


907 


VegetaUeSi 


609 



Told, 9690 

Prin. The deeper we descend into the earth, ihat ii, th9 
older the rock, the more unlike in general are its Qzganic re- 
mains to existing species. As we ascend, we find a nearer 
and nearer approximation to existing species in each succeasirt 
formation. 

Descr, In 1833, the number of shells in the^ tertiary strata, 
that had been discovered and described by M. Deshayes in 
Europe, amounted to 3036 : Of these, 568 were identical with 
species found in our present seas. "I^hey were distributed how* 
ever, very unequally through the different groups of theso 
strata, as follows. 

In the Eocene or oldest 

Group, 1238 species : Liying analogues, 42 

In the Miocene, 1021 do do 176 

In the Pliocene, 777 do do 850 

LydTs Elem. GeoL Vol. 1. p. 281. 

Prin. The organic remains in the northeni parts of tha 
globe, correspond more nearly to existing tropical plants and 
(aimals^ than to those now living in the same l%HtadM. 
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Proof. It is well know that the Fauna and Flora of tropi^sal 
legions are so different from those in higher latitudes as to 
strike every ohserver. Now any one who is acquainted with 
these pecuhar features of tropical organic life, even as they are 
exhibited in hooks, will he struck with their resemhlanee to^he 
organic remains in the fossiliferous strata. The following 
examples may servefor illustration : beginning with the highest 
of the strata, viz. diluvium. 1. Along the shores of the Arctic 
Ocean in the banks of the great rivers, such as the Oby, the 
Yenesi, and the Lena, are jound immense quantities of the 
bones of the extinct species of elephant called the mammoth. 
The region in which these remains occur, is almost as large as 
the whole of Europe. Now although the fact that these ani- 
mals were covered with hair, proves that the climate where 
^they lived was colder than that where naked elephants now 
live, yet it must have been much warmer than the present tem- 
perature of Siberia, in order to produce vegetables for their 
sustenance. The rhinoceros found fossil in the same country 
confirms this conclusion. 2. The bones of extinct species of 
elephant, rhinoceros, hippopotamus, lion, tiger, hyaena, &c. — 
eenera confined almost exclusively within the tropics at this 
Say, are found scattered throueh the diluvium of almost every 
part of Europe. 3. When snells are found in the tertiary 
strata in northern countries, identical with those in existing 
seas, their analogues are almost universally found in tropical 
seas : and when the same species occurs in the Mediterranean, 
for instance, as is found fossil upon its shores, the latter is much 
larger than the former : and it is a well known fact that the 
same species in tropical regions attains a greater size than in 
colder climates. 4. The great size, both of the animals and 
plants found in the secondary strata, compared with that of 
living organic beings of a similar kind, shows a state of climate 
during their growth very favorable to their developement : such 
a climate, in fact, as exists in tropical countries. 5. The great 
number of chambered shells, sucn as ammonite, orthocera, &c. 
found in th^ secondary rocks, confirms this proposition, since 
the few representatives of these shells still found alive, occur in 
warm latitudes. 6. But perhaps the most striking evidence of 
a warm climate, during tne deposition of the secondary rocks, 
exists in the fossil fiora of the coal formation. This is filled 
with gigantic plants of genera mostly found within the tropics, 
such as equiseta, lycopodiace®, tree ferns, palms, &c. : and a 
person who is familiar with these remains, is struck, on going 
to a tropical country, with their resemblance to the vegetation 
around him ; as he is with their want of resemblanda to th« 
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flora of higli latitades. These tropical jdants have been foiind 
in the rocks around Baffin's Bay, and even as far north us Mel- 
vilie Island, in 75^ north latitude. 7. Numerous organic re- 
mains in the secondary rocks even in the oldest fossiliferous 
strata, appear to have once constituted coral reefs, such as are 
now found only in tropical seas. Such relics as these, also, 
have been found in the rocks of Melville Island. 

Hem. i. ^ Agassiz, Lyell, and Smith of Jordan Hill, seem to have proved 
that the climate of northern regions, inmied lately preceding the alluvial 
period, was lower than it is at present : and it is the opinion ot Agassis, that 
a similar fall of temperature took place near the dose of each great geological 
period. But admitting all this to he true, it cannot afiVct the prccetling aifu* 
ments concerning the general temperature during those periods, exceyi as to 
the glacio-aqueous, which is of little consequence in this respect. Edvnlurgk 
Nsw Philosophical Journal, Aprils 1838. Dr. Buddana*s Anniversary Ad- 
dress defijre the Lo?ic^on Geological Society in 1841. A'n. and Mag, of Nat, 
History for February, 1841. 

Rem. 2. Those devoted to foeail botany say that the land plants found in 
the older strata, correspond more nearly with those now growing apon the 
low islands of the Pacific Ocean, between the tropics : and hence they infer 
that when these flourished, the land was but lutle elevated above the waters; 
and that the climate was constantly very warm and moisL Asner. Jour, Scu 
F02. 34. 1^.324. 

Prin. It is probable that during the dej^sition of the oldef 
fossiliferous rocks, the climate was ultra-tropical; that is, warmer 
than at present exists on the globe. 

Proof. Tropical species of equiseta, lycopodiacea, tree ferna, 
&c. are much larger tnan those found growing without the tro- 
pics. But those found fossil are much larger than anjr now 
living. Equiseta, for instance, in the ancient world, were some- 
times 10 feet high ; tree ferrns, from 40 to 50 feet, and arbore- 
scent lycopodiaceae, 60 or 70 feet high. Recent equiseta are 
rarely more than half an inch in diameter ; whereas the fos^ 
calamites, a very similar plant, is sometimes 7 and even 14 
inches in diameter, and no living lycopodiacese are more than 
3 feet high. This extraordinary developement, which is found 
also in oUier species of plants and animals, can be explained 
only by a higher temperature : though Adolphe Brongniart 
suggests that in those early times, when perhaps no land ani- 
mtds existed, the atmosphere might have been more fiighly 
charged with carbonic acid than at present. Histoire des vegt- 
taux fossiles^ par M, Adolphe Brongniart : 2d Livraison. p, 
113. BueklantfsBridgewater Treatise, Vol. i. p. A50. PhiUipis 
Edinburgh Treatise on Geolo,sry, p. 118. 

Prin, The temperature of the climate seems to have gradu- 
ally sunk during the successive deposition of the different 
groups of fossiliferous rocks. 
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Proof. While the whole niuaber of species of ferns, now 
growing upon the globe, is 1500; only 144 are found in the 
northern temperate and frigid zones; and 140 in the southern 
frigid and temjyerate zones; while the remaining 1200 are found 
witnin the tropics. Now the number of fossil ferns diminishes 
in nearly the same ratio, in ascending from the oldest secondary 
rocks, as it does in going north or south from the equator. 
Hence it is inferred that a similar decrease of temperature is in 
both cases the cause. 2. This is the most rational mode of ex- 
plaining the gradual approach of \>rganic remains to existing 
species, as we come near the surface ; so that during the ter- 
tiary periods the climate could not have been much different 
from that around the Mediterranean. Bucklan^s Bridgetoater 
Treatise, Vol. 1. ^. 471. 3. If the former high temperature of 
the globe be admitted, we should expect this gradual reduction 
of temperature by radiation. Phillip^ s Edin. Treatise on 
Geology^ p, 96. 



10. Description of individual and pectdiar Species of Or- 
ganic Remains. 

PLANTS. 

Descr. The number of fossil plants yet described amounts 
to about 600. PhUlipis Treatise on Geology^ Vol, 1. p. 70. 
Of these more than 300 are contained in the strata below the 
top of the Carboniferous Group; more than 100 in the rocks 
between that group and the tertisury strata ; and nearly 200 in 
the tertiary. 

Alga or Sea Weeds, 

Descr. Existing submarine vegetation, amounting to more 
than 500 species, may be arranged in three divisions ; de- 
pendent for their characters upon climate : the first group oc- 
cupying the frigid, the second the temperate, and the third the 
torrid zone. A similar distribution of the fossil marine plants, 
will bring all those below the top of the new red sandstone into 
the class of tropical plants ; while those higher in the series, 

Eximate more and more to those now existing on the 
Adolphe Brongniarfs Histoire des VegeUuix Fossilciii 
ison 1. p. 41. 
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Deser, In the lowest rocks most of tlM plants t 
Fig. 38, represents a species of fucoides. 



Pig. 38. 




JFVfloidw. 



Musci and Filices : or Mosses and Ferns, 



Deser. On account of their delicate stmctnre. mosses are 
rarely preserved in the rocks. But ferns are very abundant ; 
especially in the more ancient strata, where they are found of a 
size at least equal to those now growing in the torrid zone, 
which are often from 40 to 50 feet high. Fig. 39, is a sketch 
of some of these tree ferns, now growing in tropical climates. 
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Fig. 39. 




Descr, Europe at tlie present time does not contain more 
than 30 oiv 40 species of terns, and these of diminutive size ; 
whereas nfbre than 200 species have been found in the coal 
formation of the same quarter of the globe. Adolphe Brongniart 
in American Journal of Science^ Vol, 34. p, 319. 

Ltfcopodiacea^ or Club Mosses, 

Descr, The Lycopodiacea are a tribe of plants interme- 
diate between ferns and coniferse on the one nand, and ferns 
and mosses on the other. Lindlei/s Natural System of Botany, 
p, 313. 

Lepidodendi on. This fossil plant approximates in its char- 
acter to the lycopodiacese : or rather, it seems to be interme- 
diate between the club moss tribe, and the conifers or pine 
tribe. It is abundant in the coal formation, where it is some- 
times found from 20 to 45 feet long ; and M. Ad. Brongniart 
has described 34 species. The genus is wholly extinct. Fig. 
40^ will convey some idea of these plants. 
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Fig. 40. 




LBpidodendran. 



Bern, The lepidodendm ftfl «p a 
chasm in the existing ■erici of i)Unt0, 
between flowering and flowerleMplantt, 
better than any living genns. Similar 
blanks in the existing organintioii tve 
filled by other extinct genera of ^glilMe 
remains. Lindley and HvUon's Fotml 
Flora^ Vol. 2, p. 53. 



Equiset<U€dB. 

Descr. Living plaDts of this 
tribe are called horsetails^ catr 
tails, scouring rushes, &e.: and 
although of freauent occurrence 
in all climates (the most frequent 
in the temperate zones) they are 
of diminutive size, even in the 
torrid zone, compared to those 
found fossil. The latter are di- 
vided into two genera, Equisetum 
and Calamites: the former cor- 
responding very nearly to living 
equiseta, but the latter differing 
a good deal in structure and size; 
being much larger than the equi- 
seta. Fig. 41, is a calamites desti- 
tute of leaves. 

Fig: 41. 




Calamitet. 

Plants in the Older Strata not yet referred to any living 
Classes vnth certainty. 

Sigillaria. 
Descr, The Sigillaria are large trunks, from half a foot to 
three feet in diameter, and from 50 to 60 feet long, covered ^ 
10 
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nsually with flutings and scars. Broneniart enumerates 42 
species ; and regards them as closely alliea to arborsecent ferns : 
but Lindley and Hutton offer good reasons for supposing them 
dicotyledonous plants, different from any now on the globe, yet 
approaching the Euphorbia and Cacteae. Fig. 42, represents 
tne flutings and scars of one of these plants. 

42, 




Sigillaria. 

Descr, Several other extinct genera, with scars similar to 
those on the Sigillaria, that is, arranged in vertical rows, occur 
in the same rocks, and are probably Coniferee. Fig. 43, shows 
a portion of one called Ulodendron. 

Fig. 43. 




XTlodendroH. 
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Descr, Another very extraordinary fossil plant of the coal 
formation, is called Stigmaria, It consists (Fig. 44,) of tf dome 
shaped centre, three or four feet in diameter, from which pro- 
ceeded branches 20 or 30 feet long, covered with tubercles, to 
which were attached cylindrical succulent leaves. It was pro- 
bably an aquatic plant, which floated in the water, or trailed in 
swamps. It is thought to have been dicotyledonous. 

Fig. 44 




Stigmarut. 



DescT. Another remarkable and beautiful tribe -of plants, 
not unfrequent in the coal formation, has whorled leaves like 
the flower of the Aster : hence one genus is called Adtero- 
phyllites. Fig. 45, shows one of these from tke coal mine in 
Mansfield, Massachusetts. 



Digitized 



by Google 



112 



CONIFEROUS PLANTS. 

Fig. 45. 




Annularicu 

Conifer a and Cycadea. 

DescT, Coniferae and Cycadeae are the only two families of 
plants whose seeds are originally naked. Hence they are called 
Crymnospermous Phanerogamiee. The coniferae under the name 
of pines, araucarias, &c. constitute a large and important part 
of the existing trees of all climates: and they occur in the 
rocks of all ages. More than 20 species have heen found in 
the tertiary strata, 13 species in the oolite and lias, 4 (of volt- 
zia) in the new red sandstone, and several in the carboniferous 
formation. Mr. Witham has figured the trunk of an araucaria, 
47 feet long, from Cragleith quarry in the carboniferous lime- 
stone near Edinburgh. Witharn's description of a Fossil Tree, 
^c, Edinburgh, 1833. Araucarias are found fossil in Great 
JBritain alone ; but genuine pines occur in the coal formation in 
Nova Scotia and New Holland. The four living species of 
araucaria that have been described, occur in tropical climates 
south of the equator. 

Descr. Sometimes the trunks of these gigantic trees, as well 
as of some of^he other plants that have been described, are 
found standing erect, rarely in the very place where they grew : 



Digitized 



by Google 



CYCADBJB. 



113 



but generally they appear to Kave been transported, and to hare 
assumed an upright position by the greater specific gravity of 
the roots. ' fig. 46, shows the stumps of an ancient forest of 
conifers, with the roots imbedded in the black vegetable mould 
in which they grew ; the whole being now converted into stone. 
The section was taken in the Isle of Portland, Eng. 



Fig. 46. 



-"C^ 




JShibterranean I\»re8t : Me qf Portland, 



Uescr. The Cycadeoe are a remarkable family of jdanta, 
occupying an intermediate place between palms, ferns, and 
coni&rsB ; filling up an important link between dicty)edonou8, 
monocotyledonous, and acotyledonous vegetation. Only two 

Ssnera and 22 species are known as now living upon the globe/ 
ut during the deposition of the rocks above the coal, th^y 
formed a large part of the vegetation. For out of 70 species 
of land plants found fossil, during this period, 29 species are 
cycadese, referable to 4 genera. They have lately been found 
uso in the coal formation. The living species mostly grow in 
tropical climates. Fig. 47, represents a hving species of these 
plants. 

Prin. It is probable that dicotyledonous plants, as well as 
the frailer kinds of flowerless ones, such as fun^, and mosses, 
may have been more abundant in the earlier periods of jMologi- 
cal history, than the specimens of these plants found fossu woiud 
lead us to infer* 

10» 
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Cydas Revolttta. 

-Proof. Most organic remains must have been preserved ir 
water, or at least in wet sand, or mud. Now Prof. Lindley^ 
having immersed in a tank of fresh water 177 species of living 
plants for more than two years, arrives at the following con- 
clusions. 

'^ 1. That the leaves and bark of most dicotyledonous plants 
are wholly decomposed in two years, and that of those which 
do resist it, the greater part Coniferse and Cycadse." 

" 2. That Monoctotyledons are more capable of resisting the 
action of water, particularly Palms and Scitamineous plants;' 
but that grasses and sedges perish." 

^' 3. That Fungi, Mosses, and all the lowest forms of vegeta- 
tion disappear." 

" 4. That ferns have a great power of resisting water if in 
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a gxeen state, not one of thoee submitted to the expeiiment Iwt- 
ing disn>])eared; but that their fructification perished." Buck- 
land^ s JBridgewater TreatUe^ Vol 1. p. 480. 

Rem. 1 . It is mteresting to obserre that by this ezperiment thoM pluili 
wen moflt enduring in water, which we^find most abundant in a foanl state. 
Yet some circumstances prevent us from inferring with certainty that all the 
more frail and the dicotyledonous species perished in the process of petrifac- 
tion. If a correspondins experiment had been made with these plants in 
wet mud,, or sand, another in salt water, or salt mud, tiiese results might 
have been somewhat modified, and probably in nearly every case where 
plants are carried to the bottom of water, they are covered by mud in a 
shorter time than two years ; and most of those preserved in the rocks were 
fossilized beneath salt water. Other substances, as iron, or lime, in solution 
in the water, mifht essentLally modify the ezperiment. After all, howeveTi 
the experiment does show us that we mast not place too much dependence 
on the relative numbers of different classes of fossil pIantS| as hitberto dw- 
covered. 

Rem. 3. Other peculiar and interesting plants occur in a fossil state : as 
the pandanea, palms, Ac., but the limits of this treatise do not permit tncir 
introduction. 

Rem. 3. The great size of many fossil plants and the vast 
accumukitions of carbonaceous matter in the coal formation 
render it probable that the vegetation of the early periods of 
the globe was far more abundant than at the present day. Yet 
as the trees were mostly without flowers, and unenlivened by 
the presence and voices of any vertebral animals, the landscape 
must have presented a very uniform and sombre ihoudi im- 
posing aspect : better adapted to a state of preparation tor the 
nigher orders of animals, than for their actual existence : better 
adapted to prepare fuel for man, than for his happy dwelling. 

Rem. 4. A recent discovery has enabled geologists to ascertain with 
neater certainty and ease than before, the nature of fossil plants. The dif- 
ferent fiunilies of living plants are distinguished not merely by external 
characters, which mostW disappear when petrified, but by a corresponding 
anatomical structure ; chieflv by the form of the minute vessels, of which 
they are composed. Now it is found that these vessels retain their fbrm 
when petrified. Hence by cutting a fragment of fossil wood verv thin, and 
polishing it, a microscope will show these vessels, and thu8,>enaDle the en- 

Suirer to determine the nature of the plant. For this discovery we are in- 
ebted to Mr. Witham, who has given directions for preparing fossil wood 
for such an examination. WUkam^s Obwervations on FkisU VegHabUs^ 4^, 
Edtnbwrghj 1831, Quarto. 

ANIMALS. 

1. RADIATED ANIMALS. 

Descr. This extensive class of animals are the most simple 
of any in their organization, and the most removed from com- 
mon observation in general They are distinguished by their 
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radiated struetare: though in some of the first order, the 
Echinodermata, it has been lately shown that they possess 
somewhat of a " bilateral symmetry," like the higher orders of 
animals. The whole class are frequently denominated zoophytes. 
Descr, The number of zoophytes in a fossil state is very 
large ; and, in almost every case, they differ specifically, and 
frequently generically, from existing species. I shall notice 
those chiefly that are most unlike such as now live on the 
globe. 

CrinoidecmSy or Encrinites, 

Descr. These animals have long attracted attention from 
their peculiar structure and the immense quantity of their re- 
mains in some limestones called entrochal or encrinal marble. 
They belong to the first order of Radiata, or the Echinodermata. 
They are exceedingly rare among living animals, but two 
species, the Pentacrinus caput Medusaa, and the Comatula 
fimbriata, that have been discovered in the ocean, have thrown 
much light upon those that are fossil. Mr. Miller, who has 
written an excellent work, entitled the Natural History of the 
Crinoideay has divided them into nine genera. The two genera 
that have attracted most attention are the Encrinites momlir 
formis, or lily encrinite, or stone lily^ and the Pentacrinus 
Briareus. The former consists of a vast number of little joints, 
or bones, forming a column, (which may be called the vertebral 
column, although these animals are invertebral,) for the support 
of a cup-like body, containing the viscera, and from whose mar- 

fm proceed five articulated arms, dividing into tentaculated 
ngers, more or less numerous, surrounding the mouth. The 
animal was fixed At the bottom of the ocean, or to a piece of 
wood, and merely moved as far as it could reach by bending its 
very flexible column, which was admirably fitted for this pur- 
pose. The number of little bones, or joints, coinposing the head 
alone of this species, is estimated at 26.000. These bones are 
perforated and are used sometimes for rosaries. This animal 
relic is shown in Fig. 48. 
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Fig. 48. 




Liltf EncriniU, 



Descr. The stem of the encrinite is circular, hut that of 
pentacrinitCy pentagonal. The latter, also, had usually a greater 
numher of side arms and of joints. One of the most remarka- 
ble of them was the briarean pentacriniiey (Pentacrinus Bria- 
reus) so called on account of the great number of its hands or 
tentacula. The bones in its fingers and tentacula, amount at 
least to 100.000 : and those of the side arms, to at least 50;000 
more. And since each bone must have had two set of muscular 
fibres for contraction and expansion, the bundles of muscular 
fibres in the whole animal must have been as many as 300.000. 
This vastly eicceeds the muscular apparatus in any other animal. 
What a contrast to man, whose bones are only 241, with 232 
pairs of muscles ! 

Fig. 49, shows another genus of this family, the apiocrinites or pear encr 
nite. It if represented as restored, and situated as if in the Water. 



Digitized 



by Google 



118 



PBAR BNORIMITS. 



Fig. 49. 




Ptm Encrinite. 



Rem, More than 90 speciee of crinoideans have been found in the rocks 
firom the coal formation downwards : but none of these, with one exception, 
had a pentagonal column. Those of this form began to appear at the epoch 
of the lias, and have continued to the present day. 

Descr. Polypi, Polypifers, or Polyparia, are those minute 
radiated animals that have the power' of secreting carbonate 
"" of lime, and thus of building up 

large stony structures from the bot- 
tom to the surface of the ocean. 
They swarm in immense numbers 
in the seas of tropical climates, and 
form coral reefs wnich sometimes ex- . 
tend hundreds of miles. They seem 
to have existed in all ages, and to 
have formed similar deposits, which 
are now ranked among the lime- 
stones. Figs. 50, 51, and 52, show 
several living species of these ani- 
mals as they are attached to their 
stony habitations. 




PoljfpOFM* 
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Pig. 51. 



Pig. 52. 




Polyparia. 



Descr, The tentacnla of these animals are provided with 
cilia or minute hairs on their margins, which are capahle of 
heine rapidly moved, so as to keep currents of water in motion, 
that food may be conveyed to their mouths. Immense numbera 
of the polyparia unite in building up a single habitation, and 
they do this as if influenced by one instinct : so that the struc- 
ture rises with the most symmetrical proportions. Hence it is 
still a question, whether all the animals upon each structure are 
not to be regarded rather as one compound animal. In the 
Fliistra carbasea each polype has usually 22 tentacula ; and on 
these, 2200 cilia. An ordinary sj)ecimen of this species will 
contain 18.000 polypi; and of consequence, 396.000 tentacula, 
and 39.600.000 cilia. On the Flustra foliacea, Dr. Grant esti- 
mates 400.000.000 cilia. Ro get's Bridgewater Treatise, Vol. 
1. p. 122. 

Descr, These polyparia mostly multiply by buds, called 
gemmules, which grow like the buds of plants from the parent, 
and after a time fall off and become distinct animals. A single 
polype in this mode may produce a million of young in a 
month. They may also be multiplied by division, when each 
separate part becomes in a short time a whole animal. Dif- 
ferent parts may also be made to grow together, and monsters 
of every form be produced. The Hydra is one of the . eenera 
of polypi ; and by taking the heads of several individuals, and 
grafting them to one body, a Hydra with seven, or any other 
number of heads, may be produced. 
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Descr. Small as these animals are, they have nevertheless 
effected important geological changes on the glohe ; for some 
of the most extensive rock formations appear to have resulted 
from their labors. But the next tribe of animals, which is to 
be described, furnishes i^till more striking evidence how power- 
ful an agency the xninutest of all beings are able to exert upon 
our globe. 

. Infusoria* 

Descr, These animals are not discernible, with a few ex- 
ceptions, but by powerful microscopes : and as they usually 
occur in some sort of infusion, they have been called Infusoria ; 
though they generally go by the name of animalcula. The 
recent astonishing discoveries of Ehrenberg, a Prussian natu- 
ralist, have given a new aspect to this department of animated- 
nature, even in a geological point of view. He has described 
722 living species, which swarm almost everywhere, even in 
the fluids of living and healthy animals, in countless numbers. 

Descr. Formerly they were thought to be the most simple 
of all animals in tneir organization : to be in fact little more 
than mere particles of matter endowed with vitality ; but he 
has discovered in them mouths, teeth, stomachs, muscles, nerves, 
glands, eyes, and organs of reproduction. Some of the smallest 
animalcula are not more than the 24.000th of an inch in diame- 
ter ; and the thickness of the skin of their stomachs, not more 
than the 50.000.000th part of an inch. In their mode of repro- 
duction they are. viviparous, oviparous, and gemmiparous. An 
individual of the Hydatina senta increased in ten days to 
1.000.000: on the eleventh day, to 4000.000; and on the 
twelfth day, to 16.000.000. In another case Ehrenberg says 
that one individual is capable of becoming in 4 days, 170 bil- 
lions ! Am, Journal of Science^ Vol. 35. p. 372. 

Descr. Leuwenhoeck calculated that 1. '000. 000. 000 animal- 
cula, such as occur in common water, would not altogether make 
a mass so large as a grain of sand ; Ehrenberg estimates that 
500.000.000 of them do actually sometimes exist in a single 
drop of water. 

Uescr. In the Alps there is sometimes found a snow of a 
red color ; and it has been recently ascertained by M. Shuttle- 
worth, that the coloring matter is composed chiefly of infusoria, 
with some plants of the tribe of Algse. And what is most 
singular, is, that when the snow has been melted for a short 
time, so as to become a little warmer than the freezing point, 
the animals die, beca/use they cannoi endure so much heat ! Bir 
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hliotkeque UniversgUe de Geneve^ for February, 1840 ;• as quoted 
in Ettbdes sur les Glaciers^ par Agassiz, p. 62. Neuchatel, 1840. 
A specimen of meteoric paper which fell from the sky in Cour- 
land in 1686, has heen examined hy Ehrenberg, and f(^und to 
consist, like the red snow, of Conferva and Inftisoria. Of the 
latter, he found 29 species. Annals and Mag. of Nat, History. 
No. 16, p, 185. 

Descr. Surprising as these facts are, it will perhaps seem 
still more incredible, that the skeletons of these animals should 
be found in a fossil state, and actually constitute nearly the 
whole mass of soils and rocks several feet in thickness, and ex- 
tendine over areas of many acres. Yet this too has been ascer- 
tained Dy the same acute Prussian naturalist. The following 
formation^, he says, are of this description. 

1. Bog Iron Ochre i 

2. Kieselgukr, a siliceous incrustation, from > Alluvial 

hot springs. S # 

3. Polierschiefer, PoHshing Slate, a variety i 

of Tripoli, or rotten stone. > Tertiary. 

4. The Semi-opal of the Polierscheifer. j 
Probably of ^ 5. Semi-opal of the Dolerite, S Secondary. 

the same > 6. Precious Opal of the Porphyry, > and 
nature ) 7. Flint of the Chalk. ) Primary. 

Descr, $ome of the above substances occur in large quan- 
tity. The polishing slate for example, at Bilin in Germany, 
forms a bed 14 feet thick, and the eatable infusorial earth near 
Lunebourg, a bed above 20 feet thick. Yet it would take 
41.000 millions of these skeletons to make a cubic inch ; their 
weight being only 220 grains ! A single shield or skeleton 
weighs about the 187 millionth part of a grain ! 

Deser, The chalk of Northern Europe is more than half 
inorganic matter, the rest animalcula. Forty species are found 
in it. Dr, BucJdand, as quoted in the Edinburgh New Philos, 
Jovrn. Jan, to April, 1841. p. 441. 

Descr. The animalcula differ from all other animals, in hav- 
ing their softer parts protected by a shield, or skeleton, which 
may consist either of silica, lime, or oxide of iron. These 
shields, of course, will not be altered by the strongest heat ; and 
although some of the rocks above Tiamed, have been subject to 
heat, the skeletons often remain very entire, and their organic 
structure is very obvious through a powerful glass. 

Descr. In New England and New York, the siliceous marl (^BergrfieM, 
nr M,nintain meal,) already described as occurring beneath peat in swampt, 
has been recently shown by Prof. J. W. Bailey, of West Point, to be 
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almost entirely made up of the foasjl skeleton* of infusoria, belonging to tho 
fiuntiv of Baocillaris : some of which appear to be identical with those found 
by Ehrenberg in Germany. Fig. 53, showB a group of these fossil skeletons, 
fetched by Prof. Bailey, as they appear when diffused in water, under the 
microscope. American Journal of Sderice^ Vol, 35. p.. 118. Deposits of this 
siliceous marl are very common in Massachusetts ; and all hitherto ex- 
amined, contain vast numbers of these relics : indeed, they constitute nearly 
the whole of the deposits. I have examined specimens from Spencer, Pel- 
ham, Barre, Manchester, Fitchburg, Wrentham, North Bridgewater, and 
Andover. Professor Bailey has given a detailed account of the species from 
these localities, with drawings, in my Final Report on tM GeoHagyof Maaor 
chusetts, va.%p,ZiO. 



Fig. 63. 




f\)88il Infusoricu 

Descr. Of 80 species of fossil infusoria discovered by Ehreil- 
berg, nearly one half belong to extinct species. Those in the 
recent strata are all fresb water animals ; but those in the chalk 
are marine. London and Edinburgh Philosophical Magazine^ 
for May, 1839, p. 277. 

Descr. " The fossil animalcule from iron ochre is only the 
one twenty first part of the thickness of a human hair ; and one 
cubic inch of this ochre must contain one billion of the skeletons 
of living beings." Wonders of Geology^ Vol. 2. p. 689. 

Descr. The ferruginous scum that appears upon the water 
of some springs, as well as the red deposit at their bottom, is 
composed partly of the remains of animalcula, and partly of 
inorganic oxide of iron. Edinburgh New Philos. Jaurn, Jan, 
io April, 1841. ;>. 441. 
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2. ARTICULATED ANIMALS. 

Descr. The animals of this class are distinguished by hav- 
ing envelopes connected by annulated plates or rings. 

Exam. The earth worm, blood sucker, lobster, crab, horse shoe, spiden, 
scorpions, insects. 

JRem, Excepting the insects, of which more than 100.000 tiving species 
are already known, the animals of this class are not numerous ; and but few 
of its tribes are found in the rocks. / 

Insects, 
Descr. Until recently, no insects had been discovered lower 
in the, rocks than the oolite: but two species of Coleoptera, 
and one of Corydalis, have of late been disinterred in the coal 
formation. Buckland^s Bridgewater Treatise, Vol. 1. p. 409. 
Not less than 25 species occur in the oolite, several in the 
Wealden, and 244 species in a fresh water formation of the ter- 
tiary group. BronrCs Lethcea Geogrtostica^ |7. 81 1. Annals and 
Mag. Nat. Hist. Feb. 1841, p. 495. 

Rem, If there is any probability that insects were numerous in early 
times, and no sufficient reason can be given to show that they were not, it 
may seem strange that their remains so rarely occur. But in the first place, 
a large part of these animals are too frail to be preserved in a fossil state. 
Secondly, only one or two species of insects are found in salt water, which is 
the principal medium by which organic remains have been preserved : and 
thirdly, they are so li^ht as to sink with difficulty in the waters, while a 

great numlier of insectivorous animals are watching to devour them, as they 
oat along on the sur&ce. 

Arachnidans, or Spiders and Scorpions. 

Descr. The scorpion has recently been found in the coal 
formation in Bohemia, by Count Sternberg ; and is the first 
example of this animal in a fossil state. Spiders have not been 
found lower than the oolitic series, where only two species are 
recognized; but in the fresh water tertiary several species 
occur. 

Crustaceans. 

Descr. Crustaceous animals are not common in the tocks : 
yet the King Crab (Limnlus,) so abundant on the coast of New 
England, has been found in the coal formation, and algo in the 
oolite, where other animals of this family occur. But the most 
remarkable animal of this class is extinct, viz. 

The TriloUte. 
Descr. This singular animal, which is found in the older 
fossiliferous rocks, in all the northern parts of Europe, in North 
and South America, and at the Cape of Good Hope, was long 
confounded with insects. But it was at length ascertained that 
it corresponded most nearly to the living genera of crustaceans, 
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the Serolis, Limidiis, and Branckipajs. Figs. 54, and 55, le- 
jowent two genera of tnlobitoa^ out of tke ten genera and 52 
species that are known. It will be seen that this animal is com- 
posed of a shield covering the anterior part of the body, while 
the abdomen has nnmeroiis segments which fold over one another 
like those on a lebster's tail By this arran^ment some of the 
species had the power to roll themselves up like the wood louse, 
or the armadiUo, and thus of defending themselves against ene- 
mies. These animals are usually from one to six inches long, 
and ate divided by longitudinal Arrows into three lobes ; and 
hence their name. They seem to have been destitute of an- 
iemue, and their legs, which were soft, and which answered the 
purpose of legs and wings, have disa|^)eared. 

Dtno", Bj &r the hiTgest trilobite yet described, is the h/rMus m^iocimus, 
tend in Ohio, and figurwl \ij Professor Lodie, in the Second Annual Re- 
pent on the Geology of that State, p. 2^. Its entire length is 31 inchesl 

Fig. 54. 




AMonHAm of Paradosoidm Te$tird of Bnmg. 
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Descr. Trilobites abounded among the earlier inliabitants 
of tbe globe, beine most common in the graywacke. A few 
species occur in the carboniferous strata ; above which, not a 
trace of them has been discovered. In the carboniferous strata 
they are accompanied by the Limulus. This latter also occurs 
in the oolitic g^oup, with other crustaceans of a higher order. 

Descr. Perhaps the most curious fact respecting the trilo- 
bites, is the discovery of their eyes, which are sometimes per- 
fectly preserved. It is well known that the eyes of crustaceous 
animals, like those of insects, are made up of a vast number of 
facets, or lenses, placed at the end of tubes, which are arran^d 
side by side, so as to produce a radiating mass of eyes, which 
being generally of a hemispherical or conical form, and some- 
times elevated from the head on a stem, enable the animal to see 
in every direction; although their eyes have no motion. In 
some insects the number of these lenses in both eyes, as in the 
house fly, is 14.000 : in other cases, (the dragon fly,) 25.000 : in 
others, (the butterfly,) 35.000 : in others (the Mordella,) 50.000. 
But in the trilobite they amount only to about 800. The whole 
mass is of a conical shape as is shown in Fig. 56. 

Fig. 56. 




JByea of the Trilobite. 
3. MOLLUSCA. 

Deter. The Molluscous animals compose the third great 
dasa of those that are invertebral, reckoning from the least to 
the most complex. This class embraces those animals that are 
destitute of a spinal marrow, or articulated^skeleton; but whose ' 
muscles are attached to a calcareous covering, called a sheU ; 
or to a soft skin externally, and to a hard body within, analo- 
gous to shells. They are most abundantly diflused among liv- 
ing animals ; and the great number of their remains in the 
rocks, proves, either that they were more numerous than other 
animals In early times, or that they were more readily pre- 
served. Perhaps we must call in botn circumstances to explain 
the fact. 
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Rem, The icieiioe that detcrilmi mdOufCoiu animali m called ctmchoU^ : 
and firom thk ecience geology deriyes the greatest aid. Even its fandamental 
principles cannot be (Ascribed in this tre^ctise : nor, indeed, but a few of the 
▼ast number of shells that are found in a fossil state. Some of the most re- 
markable will be selected. 



Chambered Shells, 

Descr. These are univalve shells, which ares divided into 
numerous compartments, or chambers, by cross partitions ; as is 
shown in Fig. 57, which is a section of the common Nautilus 
pompilius. These partitions are all perforated by what is called 
the siphuncle, which consists mostly of a membrane, having the 
form of a tube, and being so firmly fastened to the partitions 
that no air can pass by into the chambers. The animal resides 
in the outer chamber, and is connected with the others only by 
the siphuncle. Around the heart of the animal is a sac, which 
may contain fluid enough to fill the siphuncle. Now the object 
of this structure is to enable the animal to rise or sink at plea- 
sure in the water. When the sac around the heart is nlled 
with fluid, the siphuncle is empty, and the air in the posterior 
chambers expandis, so as to cause the shell to rise ana float in 
the water ; but when the animal withdraws its arms into the 
shell, the fluid in the sac is compressed, and forced into the 
siphuncle, which condenses the air, and thus the animal is made 
heavier than the water, and sink^. In short, he rises and sinks 
in exactly the same manner as a water balloon. 

Fig. 57. 




NautUus. 



Rem. Although the nautilus has attracted great attention firom the earliest 
times, it is only within two or three years that Dr. Buckland first discovered 
the true explanation of the manner in which ittsould rise or sink at pleasure 
in the water. Bridgeteater TVfo^, Vol. 1. p, 325. Mr. Owen, howeTer, 
doubts the correctness of this explanation. 
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Descr. With the exception of one or two species of nautilus, 
ftU the larger species of multilocular or chambered shells have 
disappeared from the earth, although in early times they were 
very numerous and widely diffused, and often of enormous size. 
They resembled the nautilus in general form and structure, al- 
though generically different; and they are sometimes found 
more than four feet in diameter. Figs. 68, 59, represent two 
species of ammonites. 



Fig. 58. 



Fig. 59. 





'^'^WJwH^Wi^ 



AntitonUtB, 



Details, Brochant enumerates 270 ipedes of ammonites : Phillips : 
tions 274, which he distributes as follows : In gra3rwacke, 17 : in the car- 
boniferoos system, 33 : in the saliferons system, 3 : in the oolitic system, 164 : 
in the cretaceous system, 57 : in the tertiary strata, 01 TVeatise on Qeclogy^ 

Descr. It is well ascertained Ithat in some chambered testa- 
tea, the shell is contained within the animal ; as in the Spirula 
Peronii, Fig. 60. This appears to have been the case with 
several extinct genera, as the Orthoceratite, Lituite, Baculite, 
Hamite, Scaphite, Turrilite, Nummulite, and Belemnite. 

Fig. 60. 




^pinUa Pmvmu 
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OrtkoceraMfte. 

Descr. As its name implies, this was a straight shell divided 
hy transverse septa into chambers, of which nearly 70 have 
sometimes been counted. It has been found a yard in length, 
and half a foot in diameter ; forming afloatj which would have 
been sulficient for an animal far larger than any existing cepha- 
lopod. Fig. 61, shows the shell of an orthocera with one of 
the septa. 

Fig. 61. 




Orthocera. 

Inf, The great size of these shells, as well as of the ammon* 
ites, confirms the views already presented of the existence of a 
very warm climate when they were alive in northern seas. 

Rem, Not less than 20 Bpecies of orthooeratite are found in the gray- 
wacke, and 28 in the carboniferouB group. They hvre not been found m 
any later rock. 

Belemnite* 

Descr. This internal shell resembled a conical arrow, with a 
cavity of similar .shape, in which was a thin horny sheath, and 
within this, a thin conical chambered shell, or alveolus. It was 
provided, also, with an ink ba^, like the living Sepia, or cuttle 
nsh, as a defence against enemies, or rather, as a means of mak- 
ing eood its retreat. These shells are found only in the oolite 
and the chalk, and 83 species have been described. 

Fig. 62, shows an imaginary restoration of the Belemnosepia, as made by 
Dr. Buckland, (Bridgewater lyeatise, Vol. 2.pUit€ 44. fig. 1.) exhibiting tha 
animal with the internal shell and ink bag. 
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Fig. 62. 




NummuHtes, 

Descr. These extinct sliells 
are so called from their le- 
semblance to money. They 
are generally ofrwy diminfi- 
tive size, and belong to what 
are called the foramifuUed, 
polythalamous, or many 
chambered shells. They are 
chiefly remarkable for their 
vast numbers, constituting 
often almoflit the entire mass 
of whole mountains, in ike 
tertiary and newer seconda- 
ry limestones. The Sj^hinx 
and seme of the pyramida of 
Egypt are compoewd of num- 
mulitic limestone. Fig. 63, 
exhibits a species of num- 
mulite. 

Fig. 63. 




KummuHte. 

Loligo or Cuitle FuL 

Descr. It is well known 
that the cuttle fish, ^Sepda or 
Loligo,) is providea with a 
bag of ink within its bod^, 
from which the sepia used in 
painting is obtained; and 
also with an internal bone, 
or in some species, a mere 
thin cartilaginous substance 
like horn, that resembles a 
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quilL Both tKe ink and the pen of th* Loligo have recently 
been discovered in a fossil state in Engluid. BucJdandfs 
Bridgewater Treatise, Vol. 1. p. S03. 

Bern. It is a very curious fact, that a substance so easily destroyed as ii^ 
should have been so perfectly preserved in the lias limestone of Lyme Regis, 
that after thousands and perhaps ten thousands of ages, it can be extracted, 
and the paint formed from it cannot be distinguished from the best which 
artists now prepare ! It is also interesting to learn that for this discovery we 
are indebted to the industry and skill of a lady (Miss Mary Annin^,) who, 
with others of her sex that nu^^t be named, is doing much for the saence of 
geology in England* 

Bivalve Shells, mostly extinct, 

Descr, Of the Terebratula, (Fig. 64,) 30 species have been found m the 
graywacke; 21 in the carbonfferous system^ 14 in the new red sand* 
■tone ; 49 in the oolito *, 57 in the chalk ; 18 in the tertiary strata, and 13 
among livmg molluscs. 

Descr, Of the Producta. (Fig. 65,) 21 species are found in the gray- 
wacke ; 36 in the carbonirarous system ; and in the new red sanimonei 
7; none above. 



Fig. 64 




T^ebratula. 



Fig. 65. 



Fig. 66. 




Producta. 



Spitifer. 



Descr, Of the Spirifer, Kg. 66, which shows the spiral _ _ 
within the shell as well as the external appearance, 37 species axe found in 
the graywacke, 48 in the carboniferous system, and 7 in the red sandstone: 
none above. 
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VSItTSBRAL ANIMALS. 

DescTy This extensive division of the animal kingdom em- 
braces those animals whose organization is the most perfecl^ 
with man at their head. A cranium, and vertebral column, 
which encloses the principal part of the nervous system, and a 
regular skeleton, covered by muscles, constitute the principal 
anatomical distinctions between this class and the three that 
have already been considered. It is divided into four weQ 
marked tribes : 1, Mammalia. 2, Birds. 3, Reptiles. 4, Fishes. 

jRshes. 

Rem, Ichtliyology, or the history of fishes, has received such great im- 
provements fropi the labors of Professor Agassiz, as developed in nis great 
work now in the coarse of publication, entitled Recherckes swr les Paissons 
FbssileSt par V Agassiz^ <!f*c. tnat it inay almost be regarded as a new science, 
specially is this the case in respect to fossil ichthyology. 

Descr. The number of living species of fishes now known, 
amounts to about 8000 : and the number of fossil species to more 
than 850. BucklancCs Bridgewater Treatise, Vol. 1. p. 267. 

Descr. Fishes are found in all the ^eat rock formations 
from the gray wacke upwards . — a fact which is not true of any 
other class of vertebral animals ; and therefore, the history of 
fossil fishes becomes of great importance. 

Descr. Agassiz divides fishes into four orders ; deriving 
their characters from the scales : 1. The Placaidians, or those 
whose skin is covered irregularly with plates of enamel (from 
7rAa|, a broad plate.) 2. The Cfanoidians ; (from yavog, splen- 
d(hir,) or those having angular, scales of horny or bony plates, 
covered with a thick plate of enamel. 3. The CtenoidianSj 
(xieigy a comb,) or those having jagged or pectinated scales. 
4. The Cycloidians, (xuxXcj, a circle^ or those having scales 
smooth and simple at their margin. 

. Descr. Three fourths of the existing species of fish belong 
to the two last orders, whose existence has not been ascertained 
below the chalk : the remaining fourth belongs to the two first 
orders: which are not at all numerous now, but existed alone 
in all the periods during which the fossiliferous rocks below the 
chalk were deposited. Agassiz in the American Journal of 
Science, Vol 30. p. 39. 

Prin. Not one species of fish has yet been found that is 
common to any two of the great geological formations ; or is 
now livingin the ocean. 

Pjin. Fossil fishes do not change insensibly as we pass verti- 
cally from one formation to another, but abruptly ; and these 
changes occur simtdtaneously with those in other classes of 
organic remains. 
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Inf, Hence tKe conclimoiui that haiEe been made from the 
liistory of other organic remains, are confirmed by this new 
branch of palseontology. 

Descr. Below the chalk not even any genus is found that 
embraces any living species : those of the carboniferous strata 
disappear with the deposition of the new red sandstone : those 
in the oolite, introduced after the epoch of the new red sand- 
stone, suddenly vanish with the appearance of the chalk. Two 
thirds of those in the chalk and one third of those in the lower 
tertiary strata, belong to genera no longer existing. American 
Journal of Science^ Vol. 30. ;?. 40, 41. 

Rem. This constancy in the character of fossil fishes has enabled M. 
Agassiz to determine the true situation of several groups of rocks in the 
geological scale, that geologists had been unable to fix ; or had put them in 
toe wrong place. 

Prin* In some of the groups of animals preserved in the 
rocks, certain types of organization predominate ; and such was 
the correlation between different species, that they often con- 
form more or less to the prevailing type. 

Exam. 1. In the older fossiliferous rocks, trilobites- occur in great quan- 
tities; and in the old red sandstone is found a ^enus of fishes approaching in 
formr to the trilobites. Fig. 67. exhibits a species of this kind. 

Fig. 67. 




Cephalaspia lAfdlii. 
Ex. 2. In the secondary strata, during the deposition of the oolite, espe- 
cially, saurian reptiles prevailed exceedingly. Agassiz has described 17 
genera of sauroid fishes, found in all the formations from the carboniferous 
upward, except the tertiary: but only two genera remain among living 
fishes: viz. the Lepidosteiis osseus, or bony pike of North America; of which 
there exists five species ; and the Calyptervs of two species. Some of these 
sauroid fishes in the rocks were of enormous size ; their teeth beings larger 
than those of the living crocodile. 

Sharks, 

Descr. These fishes occur in a livine state all over the globe ; 

and there seems to have been no periodf in geological history in 

which they did not prevail. More than 150 species have been 

found fossilized. Fig. 68, shows a shark's tooth of enormous 
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site, fbnnd in Lsnoir Coonty, North Carolina, by Mr. John 
Limber. Estimating the size of the animal by the roles nrex 
by zoologists, its length most have been between 70 ana IOC 
feet 

Fig. 68. 
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Descr. Another singular yar^ty of fish is fonnd in all the 
strata i>elow the lias, distinguished by their heterocercal or un- 
symmetrical tails; that is, by tails whose upper lobe extends 
much the farthest, by the prolongation of the vertebral column. 
Fig. 69, represents one of these fishes of the genus Paleeonisctu, 
Most living fishes have homocercal or equally bilobate tails. 

Fig. 69. 



Palaoniaeua. 



Coprolites. 



Descr. The fecal remains of fishes and other animals which 
have been found frequently in several formations, have been 
called Coprolites. Sometimes they are found detached and 
sometimes in the body of the animal '; and the information de- 
rived from them, as to the food, habits, &c. of the animals to 
which they belong, is of great importance. 

lUus. A coprolite of the ichthyosaurus was shown to Prof. Agassiz, con- 
taining a small scale of a fish ; which he immediately recognized as having 
belonged originally to a particular spot on the body of an extinct species of 
fish ; and thus he ascertained the food of the ichthyosaurus. BuckUmd^a 
BridgeujtUer TreaOse^Vol. l.p. 191. 

Reptiles. 

Def. The remains of reptiles in the rocks are perhaps more 
remarkable, and have excited more astonishment and incre- 
dulity, than those of any other class of animals. This is espe- 
cially true of that tribe called Saiirians ; which in popular lan- 
guage, is nearly the same as lizards ; though the lizards pro- 
perly so called, embrace only two genera of Lacerta. Cuvier^s 
Regne Animal, Tome 2. p. 30. 

Saurians. 

Deser. The most remarkable feature of the fossil saurians 
is their great size, as compared with those species still found 
upon the earth. T^® crocodile is the only exception to this 
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remark : the Hving species being probably as lar^ as tbose tbat 
are extinct. But the trae crocodiles did not begin to appear till 
the tertiary epoch. 

Descr. No fossil saurian has been found below the mag- 
nesian limestone of the new red sandstone system. It was not, 
however, till the oolite and Wealden period that their number 
was large, and their developement complete. That may be 
truly caUed the age of reptiles; or the scmrian reign. At least 
40 species of saurians have been described already from the 
oolitic group, and 1 1 species from the wealden rocks. In all 
the formations there have been found about 80 species. 

Def. Dr. Buckland divides- the fossil saurians into the marine, ' 
the terrestrial, the amphibious, and the flying. Bridgewater 
Treatise, Vol. I. ;?. 165. 



Ichthyosaurus, 



Descr. This animal, sometimes more than 30 feet long, and 
of which 7 or 8 species are known, had the snout of a porpoise, 
the teeth of a crocodile, (sometimes amounting to 180,) the head 
of a lizard, the vertebrae of a flsh, the sternum of an ornithor- ' 
hynchusr, and the paddles of a whale : uniting in itself a combi- 
nation of mechamcal contrivances which are now found among 
three distinct classes of the animal kingdom. One of its pacf 
dies was sometimes composed of more than 100 bones ; which 
gave it great elasticity and power, and enabled the animal to 
urge its way through the water with a rapid motion. Its ver- 
tebrae were more than 100. Its eye was enormously large : in 
one species, the orbital cavity being 14 inches in its longest 
direction. This eye also, had a peculiar construction to make 
it operate both like a telescope ana a microscope : thus enabling 
the animal to descry its prey in the night as well as day, and 
at great depths in the water. The length of the jaws was some- 
times more than 6 feet. Its skin was naked, some of it having 
been found fossil : its habits were carnivorous, its food, fishes 
and the young of its own species ; some of which it must have 
swallowecl several feet in length. This fish-like lizard was an 
inhabitant of the ocean. Fig. 70, exhibits a restored ichthyo- 
saurus, by Mr. Hawkins. Memoirs of Ichthyosauri and Plesuh 
saniri, extinct Monsters of the ancient earth. By Thomas HatO' 
kins, Esq. Folio with 28 plates. 
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Fig. 70. 




Jehth^ftmourvM. 

Plesiosaurus, 

Descr. This animal, of which 6 or more species have been 
found, has the general structure of the ichHiyosaurus. Its 
most remarkable difference is the great length of the neck; 
which has 33 vertebrse: a larger number than in any known 
animal : those of living reptiles varying from 3 to 6, and those 
«fbirdsfrom9 to23. 

The largest perfect specimen yet found is 1 1 feet long ; with 
about 90 vertebrae. Its paddles were proportionally larger than 
in the ichthyosauri. It was carnivorous ; an inhabitant of the 
ocean, or rather of bays and estuaries : where it probably used 
its long neck for seizing fish beneath, and perhaps flying rep- 
tiles, above the waters. Fig. 71, exhibits a restoration of one 
of the most remarkable species, the P. dolichodeirus, by Mi. 
Hawkins. 

Fig.. 71. 




Plesiosaunta. 

Rem, According to Dr. Harlan's Medical and Physical Researches, 
ichthyosauri and ^esiosauri have been found in the secondary rocks of the 
United States. He has also described another gigantic reptile from this 
country under the name of BcLtmchiosaurus Missownerisis. Mining Review 
for Jarmary^ 1839, p. 10. 

Mosasaurus, 

DescT. Up to the time of the deposition of the chalk, the 
ichthyosaurus and plesiosaurus appear to have ruled in the 
ocean : but then they disappeared, and the mosasaurus took 
their place, to keep tne multiplication of the species of other 
^nimftUi within proper limits. It was most nearly related in its 
structure to the monitor, a species of lizard now uving. While 



Digitized 



byGoogk 



XeVANOBON. i3T 

tbe head of the largest monitor does not exceed five inches in 
length, that of the mosasauros is'4 feet long ; and the whole 
animal 25 feet in length : while the monitor is only 5 feet in 
length. It had paddles instead of legs ', and the number of its 
vertebrse was 133. 

Megalosimrus, 

Descr, This name (meaning a ereat sa/urian,) has been 
given by Dr. Buckland to a gigantic terrestrial reptile, from 
40 to 50 feet long, allied to the crocodile and monitor in struc* 
tnre, and found in the oolite. The animal was carnivorous; 
and in the structure of its teeth are combined the knife, the 
saw, and the sabre. Its p^ncipal food was probably crocodiles 
and tortoises. 

Iguanodon, 

Rem. For our knowledge of this 'most gigantic of all the reptiles of a 
former world, we are indebted to the industry and scientific acumen of Dr. 
Mantell, who found its bones along with those of the megalosaunis, hylso- 
sauros, plesiosaurus, crocodile, &c. in the wealden rocks in England ; a fresh 
water, or rather an estuary formation, extending over more than 1000 square 
miles. It must once have formed the delta of a large river, which has dis- 
appeared, as well as the country from which it originated. Wimd^rs of 
Gei^gy, Vol. 1. j?. 368. 

Deser. This animal approaches nearest in its structure, es- 
pecially that of the teeth, to the living iguana : a reptile of the 
warmer parts of this continent ; and hence its name : signifying 
an animal with teeth like the iguana. Its average length could 
not have been less than 70 feet, and Dr. Mantell thinks some, 
individuals must have exceeded 100 feet : circumference of the 
body, 14.5 feet: length of the tail, 52.5 feet: do. of the hind 
foot, 6.5 feet : circumference of the thigh, more than 7 feet ! 
The form of the teeth shows it to have been herbivorous, like 
the living iguana. It had a horn 4 inches long upon the snout, 
like some species of iguana. Fig. 72, will give some idea of 
the iguanodon.* 

* In looking at Mr. Martin's thrilling picture, that forms the Frontispiece 
to Dr. Mantefl's Wonders of Greologv, entitled T%tf country of the Iguanodon 
RestoreU^ one cannot but be reminded of Milton's graphic description of 
Satan. 

<* With head uplift above the waves and eyes 
That sparkling blazed, his other parts besides 
Prone on the flood, extended long and large. 
Liay floating many a rood, in bulk as huge 
Am whom the fables name of monstrous size, 
12* 
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Fig. 72. 




Jjguana. 

Pterodactylt, 

Bern, Of all the fiinnl aniinals probably this \b the most heteroclitic, and 
ftl first TieW} monstrous. Hence anatomists were unable fox a lone time to 
refer it to its true place among animals ; some pronouncing it a bird, some a 
1 eptiloi and some a bat. But Cuvier at last developed its true characters, and 
proved it to be a beautiful example of the wisdom that adapts creatures to p*» 
culiar and varied modes of existence. 

Descr. This animal had the head and neck of a bird, the 
mouth of a reptile, the wings of a bat, and the body and tail of 
a mammifer. Its teeth, as well as other parts of its structure, 
show that it could not have been a bird ; and its osteological 
characters separate it from the tribe of bats. But in many re- 
spects it had the characters of a reptile. The outer toe of its 
fore feet was enormously elongated, to furnish support, it is 
probable, for a membranous win?. By this means .these ani- 
mals were doubtless able to fly like the bat ; while the Angers - 
with claws projecting from their wings enabled them to creep 
or climb. When their wings were folded, they could probably 
walk on two feet ; and it is most likely, also, they could swim. 
Their eyes were enormously large; so that they could seek 
their prey in the night. They probably fed on insects chiefly ; 
though perhaps, also, they had the power of diving for fish. 
Bight species, from the size of a snipe to that of a cormorant, 
have been found in the oolite and lias in England, and on the 
continent of Kurope at Solenhofen. Fig. 73, shows several of 
these animals restored. 

Titanian, or earth born, that warred on Jove. 
Briareos or Typhon, whom the den 
By ancient Tarsus hcM, or that sea beast 
Leviathan, which God of all his works. 
Created hugest that swim the ocean stream. 

ParadiM Lost^ Book 1. Um 193. 
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Fig. 73- 




Pterodactyie. 

Rem, " Thus," nya Dr. Backland, " like Milton's fiend, all qualified fyt 
«11 serrices, and all elements, the pterodactyle was a fit comnanion for tlw 
kindred reptiles ihaX swarmed in the seas, or crawled on the snores of a tor- 
bulent planet 

" The Fiend, 
O'er bog, or steep, through straight, rough, dense, or rare, 
With head, hanas, wings, or feet, pursues his way. 
And swims, or sinks, or wades, or creeps, or flies." 

Paradise Lost, Book 2. line 947. 

'* With flocks of such-like creatures flying in the air, and shoals of no kii 
monstrous ichthyosauri and plesiosauri swarming in the ocean, and sigantie 
crocodiles and tortoises crawling on the shores of the primeval lakes and 
rivers : air, sea, and land must have been strangely tenanted in these early 
periods of our infant world." Bfidgewater TreaMse, VoL l,p, SQi, 

Crocodiles and Tortoises, 

Deser. Of twelve species of the crocodile family now li'viIlg^ 
three are alligators, eight true crocodiles, with a short ami 
broad snout, and one, the gavial, with a long and narrow 
beak, adapted for feeding on fish. Of the six or more fossil 
species, alt those in the secondary rocks approach in structure , 
to the eavial ; jprobably because few other animals then existed 
but fish on which they could feed. These gavial saurians are 
called teleosauri arid steneosa/uri. Of the former, one has been 
ibund 18 feet long, with 140 teeth. The fossil crocodiles with 
short snouts, differ so little from existing species^ as to need ao 
deseriptioB. 
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Descr. Tortoises, both marine, fresh water, and terrestrial, 
have been found fossil in all the formations above the coal for- 
mation. One of these in the muschelkalk, a sea turtle, was 8 
feet long. Numerous tracks of tortoises have also been found 
on the new red sandstone in Scotland : ' but these will be de- 
scribed in a subsequent part of this section. 



Birds, 

Twenty species of birds have been found in diluvium ; ten in 
the tertiary strata, and recently, one species of Grallse, or 
waders, in the Wealden formation ; and these are all the fossil 
relics of this order of animals yet discovered. The tracks of 
more than 20 different species of animals have, however, re- 
isently been brought to lignt in the valley of Connecticut river, 
in Mlassachusetts and Connecticut, on what is thought to be the 
equivalent of European new red sandstone ; and a large part 
of these resemble the impressions of bird's feet more than those 
of any other known animals. But these will be more particu- 
larly noticed farther on. 



MAMMALIA. 

Descr. There is reason to believe that the Marsupial Mam- 
malia appeared earlier on the globe than any other animals of 
this class. For Dr. Bucklaiid has found two undoubted species 
of the marsupials in the oolite of England. 

Descr. With the above exception, all the other fossil mam- 
malia occur in the tertiary strata and drift. In the eocene ter- 
tiary, as many as 50 species have cpme to light. Cuvier de- 
scrioed 78 species in his great work, the Ossemeris Fossiles ; 49 
of which are extinct : and since that lime the number has been 
increased to nearly 200. 

Descr. Among these fossil animals, are many of existing 
genera, and so nearly related to existing species, that a particu- 
lar description will be unnecessary. Such are the fossil species 
of the rhinoceros, hippopotamus, hog, cat, glutton, horse, ox, 
deer, bear, hysena, weasel, liare, rabbit, rat, mouse,. &c. In 

general, however, the fossil species are of a larger size than 
liose now living ; indicating a warmer climate when they were 
upon the globe. 

Descr. The marine fossil mammalia, such as the whale, the 
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dolphin, the seal, the walrus, and lamentin, occur as we should 
expect, in tertiary strata deposited in the ocean ; and some of 
the terrestrial mammalia are found mixed with marine animals 
in salt water formations ; having been drifted into the ocean by 
rivers. Other terrestrial mammalia are found in fresh water 
formations, deposited at the bottom of lakes and ponds during 
the tertiary epoch. Others occur in caverns and fissures, which 
existed in the dry land during the same period : and finally, 
similar remains are found dispersed through the diluvium, 
which is spread over formations of every age. 

Dtscr. At the meeting of the Association of American Geologiste in 
184 1, Dr. Harlan stated that the continuous vertebra of a cetaceous animal, 
denominated the sygodoo, had been found in Alabama, as much as 100 feet 
long. 

Descr, The history of bone caverns and fissures, as de- 
scribed by Dr. Buckland in his splendid work entitled Reliquia 
Diluviana, deserves a more extended notice than can here be 

fiven. From a careful examination of these osseous caverns, 
y Dr. Buckland, it appears that some of them, as that of Kirk- 
dale, Kent's Hole, &c. in England, were the residence of hysenas, 
for a lone time previous to the historic period ; and that these^ 
animals dragged in thither great quantities of bones of other 
animals on which they fed. This is proved by the broken and 
gnawed state of the bones, and by the great quantity of copro- 
utes belonging to the hyaena found m the caverns. OUier 
caverns appear to have been the abodes of bears for a long 
period, as those of the limestones of central Germany. In one 
of these, the cave of Kuhloh, more than 500 cubic feet of black 
animal dust, impressively denominated the dust of death, were 
found, resulting from the decomposition of bears ; which must 
have required at least 2500 of these animals I The bones of 
the osseous breccia, found in fissures in Somersetshire in Eng- 
land, and on the northern shores of the Mediterranean, belong 
mostly to animals that fell into fissures that were afterwards 
fiUed with detritus. Reliquia Diluviance^ p. 137, and 148. Lonr 
don, 1823. De la Beckers Manual of Geology, p. 181. 

Descr. Sometimes ossiferous caverns have been used by 
man as a place of habitation, or more frequently as a place of 
sepulture. And hence his bones, as well as fragments of pot- 
tery, imd other relics of a rude people, sometimes are found so 
mixed with the remains of extinct animals, as to lead to the in- 
ference that they were deposited during the same period. In- 
deed, in some of these caverns in the south of France, it is still 
believed by some geologists, that the remains of men were of 
contemporaneous deposition with those of the extinct mam- 
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The English geologists appear to be decidedly of the 
opposite opinion. 

Vescr. Osseous breccias, have been found in Australasia^ 
containing bones of the kangaroo, wombat, dasyurus, koala, 
halmaturus, elephant, hypsiprimnus, &c. most of which are ani- 
mals living in that country. 

Descr, In the United States a few ossiferous caverns have been found, 
though none of them exactly corresponding with the European caverns. 
Some of them appear to have been filled with fragments of rocks and bones 
which were partially cemented by stalagmite, during the alluvial or historical 
period. An example of this kind has been communicated to me by the late 
Prof. L. F. Clarke, of the college of East Tennessee, in a letter dated Aug. 
23d, 1838. The cavern is situated in the town of Chittenden, Vt. from 2000 
to 3000 &et above Otter Creek, and in limestone interstratified with mica 
slate, having an easterly dip of about 65^. The bottom of the cavern has a 
westerly slope, as shown m Fig. 74, which is an imperfect tketch from 
memory. 

Fig. 74. 




Bone Caoem : Ottttenden, Vermont. 

The roof and sides of the cavern are covered with large stalactites, and the 
bottom with loose fragments of rocks, in many places to the depth of at least 
5 feet. The fragments at the surface are mostly cemented together by stalag- 
mite, but rarely at much depth. The bones are scattered -among the frag- 
ments, and are much broken, and many of them gnawed by the tet>.th of some 
small animal. These bones, so far as they have been anatomically examined, 
appear to belong to existing animals ; among which those of the bat were 
very abundant ; and it is supposed that some of them belong to tk^ wol^ 
racoon, &c. They appear very fresh, still retaining most of theiWtnimal 
matter, much more than the bones from the English caverns. From all the 
facts I infer, that this cavern was produced by running water which pro- 
bably had an outlet at A, and that the fragments of stone were thus accu< 
mulated, while the stalagmite was forming and the bones were being col- 
lected, both bj carnivorous animals, and by the death of others that might 
have made this cavern their haUtation, during the alluvial or historical period. 
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Early Pcbckydermata. 

Descr. In the older tertiary strata around the citjr of PariSi 
Baron Cuvier has brought to light more than 40 extinct quad- 
rupeds, many of them allied to the modern pachydermata, or 
thick-skinned animals. Fie. 75, exhibits the form of the 
Anoplotherium gracile, which was of the size and form of the 
gazelle, living like the deer and the antelope.* Fig. 76 is the 
Anoplotherium commuThe ; an animal about tne size of the wild 
boar, with the means of swimming with facility. Fig. 77, is 
the Palaotkerium magnum^ of the size of the horse, but more 
thick and clumsy. Probably it had a trunk. Fig. 78, is the 
Palaotkerium minus, of the size of the roebuck. 



Fig. 75. 



Fig. 77. 




75 AmpUOhefium gracile: 76 Anoplotherium commune: 77 PalaotherUtm 
78 P. minus. 

Mammoth, or Fossil Elephant 

Descr. Two species of living elephant are known; the 
Asiatic, or Indian, which extends only to the 31st degree of 
north latitude : and the African, which occurs as far south as 
the Cape of Good Hope. A third species is found in a fossil 
state ; especially in the northern parts of Asia and Europe ; as 
well as America. It is this extinct species that goes by the 
name flf mammoth, — an Arabic word (behemoth,) signifying 
elepMR . Fig. 79, exhibits the skeleton of the remarkable 
specimen found encased in frozen mud on the shores of the 
arctic ocean, in Siberia, with its softer parts preserved, as has 
been already described. This skeleton is now deposited in the 
Museum of Natural History in St. Petersburgh. Its length is 
16 feet; and its height 9 feet Its hair, of which 30 pounds 
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were presenred, consisted of hkuck hrittks, 15 inclies long, mizcd 
with wo(A of a leddish brown color. 

Fig. 79. 




Mammoth. 



Mastodon, 



Dtscr. Although the mastodon is frequently called the mam- 
moth in this country, where the remains of the largest species 
are abundant, yet it differs senerically from the elej^ant m the 
form of its teeth ; as may be seen in Figs. 80 and 81, below. 
Fig. 80 is a side view of the grinder of the mastodon, and Fig. 
81, represents the flat surface of the mammoth's grinder. 



Fig. 80. 



Fig 81. 
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Descr. No leas than mtmk speeiM of mastodon hit0\M^ 
discovered in a fossil state ; vis. tnree in £tir<^, t#o in Sod^ 
America, one in the Unites States, and one in indiit l%a^ 
largest species, M. mazimus has been found in afanoat every 
part of the United States ; though most abundantly in the suit 
licks of Kentucky, Ohio, &c. The most easterly point where 
the bones of these animab have been found, is Berlin in Coilnebti- 
cut. An almost entire skeleton has been put Up in the Museum 
of Mr, Peale in Philadel^phia, which is 15 feet long, and 11 ftwt 
high. This was found m Orange County, New York. Th0 
most remarkable locality in this country is at the Big Boncf 
Lick in Kentucky ; where a vast number of bones of various 
extinct animals are imbedded in dark colored mud and gntve!^ 
which appears to have been formerly the bottom of a marshf. 
This spot has been examined by WiUiam Cooper, Esq., wilfh hii 
usual discrimination and accuracy ; and he is of ophiidni tKat 
the deposit containing the bones is to be regaided as drift. Rid 
estimates that the bones of 100 mastodons, 20 elephants, 2 olfen, 
2 deer, and one megalonyx, have already ht^h carried ftfom thiil 
spot. 

RhifioeeroSf Hippopotamus, Hyana, Horse, Ox^ Iher^ Sii>«^ 
iheriumy MomJcey^ Camel, 4fc, 

Deser. Most of these animals in their foisil state; diflbr ^ 
little from the existing species, that they need not be particularly 
described in this worK. They are generally, howerev, of lai^getf 
sise than the living species. The rhinoceros found undecayed 
in the frozen gravel of Siberia, has already been noticed ; aixd 
several other species of this animal occur in Europe and- ill 
India, associated with the bones of the elephant, also with siive* 
ral species of hippopotamus, and one or two ojp oxen, auroeks 
and oeer. The horns of the fossil ox, are sometiinas vcrry large: 
in one example 31 inches long. So also the ^mons fossil elk 
of Ireland, (Cervus giganteus,) had horns that measured 10 feet 
10 inches between their tips. Jameson! s Cuvier's Theory of 
the Earth, p. 246. The most interesting remains of the hynna 
ere those found in caverns. (See Religuia Diluviana.) The 
sivath^um is an extinct animal recently found in India, ill eon- 
cretd^ry drift, lar^r than the rhinoceros, furnished with font 
horns and a proboscis, and forming an intermediate link betwe«Ai 
the ruminantia and pachydermata. In the same deposit were 
found the remains of a gigantic species of monkey and of a 
camel. Another species of monkey nas also been discovered in 
tertiary deposits in France : so that the important fact 

13 
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now wen efltablisHied, thtt tlie iimmak approftclimg DMoett to 
man in theif stmeture, hmvt been found in a fosail state. Won- 
ders of Geology. Vol 1. f, 138 wnd 226. 

Megatherium, 

Deser. Sloth and Armadillo. Because the Sloth (Brady fu$ 
iardigradus) is not adapted for walking on the ground, soma 
writers, and even some naturalists, (Button, &c.) have ridiculed 
its structure, as if it indicated a want of wisdom. But it now 
appears that the animal was intended to live continually upon 
trees ; and that its long forelegs, with long and very crooked 
claws, are admirably adapted for this purpose. The armadillo^ 
as is well known, is covered with a bony armor for defence 
against enemies, dust, &c. The few liying species of this ani- 
mal are smaD and confined chiefly to South America where they 
burrow like the woodchuck. 

Descr. The Megatherium is an enormous extinct animal, 
which was once abundant in the vast plains or pampas of the 
same continent. They have been lately found by Mr. Darwin 
over an extent of 600 miles, accompanied with bones and teeth 
of five other quadrupeds, some of them of a similar construction. 
Dr. Mitchell and Mr. Cooper have also described bones of this 
animal from the island of Skiddaway. on the coast of Georgia. 
BucidatuFs Bridgewater Treatise, Vol. 11. p. 20. Annals of 
N, Y. Lyceum, May, 1824. It was larger than the rhinoceros, 
and its proportions were perfectly colossal. With a head and 
neck like those of the sloth, its legs and feet exhibit the charac- 
ter of an armadillo, and the ant eater. Its body was 12 feot 
long, and 8 feet high. Its forefeet were a yard in length, and 
more than 12 inches wide; terminated ny gigantic claws. 
Across its haunches it measured five feet ; and its thigh bone 
was nearly three times as thick as that oSf the elephant. Its 
Spinal marrow must have been a foot in diameter ; and its tail, 
at the part nearest the body, twice as large, or six feet in cir- 
cumference! Its teeth were admirably adapted for cutting 
vegetable substances; and its general structure and strength 
teem intended to fit it for digging in the ground fo/ roots, on 
which it principally fed. Fig. 82, exhibits the entire skeleton 
of this ammal, which exists in the museum at Madrid, f~ ^ *- 
9iKfHamPs Bridgeufater Treatise. Vol 1. p. 139. 
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MegtUherittm, 

Bern. 1. It has been generally supposed that the megatherium was cot- 
«red with a bony armour nke the armadillo : but Mr. Owen, the distinguished 
comparative anatomist, ist>f opinion, after a careful examination, that suck 
was not the case; and that this animal approached more nearly in charao 
ter to the ant eaters and sloths, than to tne armadillo. Ltmd. and Edm, 
PhUos. Mag, My J 1839. He has lately ascertained that this bony armour 
belonged to another extinct animal called the GlyptodotuAn. and Mag, Nat, 
ffist.ina.lSii,p,492. 

Rem. 2. Dr. Harian has recently described the remains of a huge ez« 
Cinct animal, allied to the above, from Missouri, under the name of Oryctenh^ 
therium Missowriensis: and Dr. Henry C. Perkins has described, in ths 
Boston Journal of Natural History, another species from Oregon Territoxj, 
as the Oryct. Oregimensis. 

Megalonyx. 

Descr. This animal was first described by Mr. Jefienon, 
wbo mistook its characters. It was found in the nitre caverns 
of Virginia and Kentucky, and has since been discovered in 
other places. It was of the size of the ox, and appears to have 
been nearly related to the sloth. 

Dmoiherium. 

Daer. Until recently the mammoth and the mastodon have 
been supposed the liatrgest of all the terrestrial mammalia that 
ever inhabited the earth : but they must give place to the 
Dinotherium, described by Cuvier as a gigantic tapir, but re- 
cently by Professor Kaup, a distinguished German naturalist 
as a new genus between the tapir ana the mastodon * and adapted 
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to that lacustrine condition of tke earth wHicli seems to hare 
been so common during the deposition of the tertiary strata. 
Its remains have been found in tertiary strata, in the south of 
France, in Austria, Bavaria, and especially in Hesse Darmstadt. 
Its length must have been as much as 18 feet. One of its most 
remarkable peculiarities consisted in two enormous tusks, at the 
anterior extremity of the lower jaw, which curved downwards, 
like those of the walrus. Its general structure seems to have 
been adapted to digging in the ground ; and for this purpose its 
feet as well as tusks, projecting a foot or two beyond the jaws 
which were four feet lone, were intended. It lived principafly 
in the water like the hippopotamus ; and it probably used its 
tusks for tearing up the roots of aquatic vegetables, which, as is 
shown by its teeth, constituted its food. ^ Dr. Buckland suggests 
also, that these ta^s might have been useful as an anchor fast- 
ened into the bank of a river, while the body of the ajMmal 
floated in the water and slept. They might have been useful 
also, to aid in dragging the body out ^ the water and for 
defence. 

Fic^. 83y it a sketch of the Dinotherium eiganteum as restored by Prof. 
Kaop. BucklanePs BridgevxUer TreaUset Voi. 1. f, 135. Another wf&sam, 
the D. Bavaricum, has been discovered. 



Fig. 83. 




Dinotherium. 



IchnoUihology : or the History of Fossil Footmarks : (Ichnologyy 
Btickland.) ' 

Deser. This singular branch of palaeontology has but lately 
begun to attract the attention of geologists \ since it is only 
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witUn a few yean that genuine examples of the tracks of ani- 
mals in stone have been found. It is, indeed^ and long has 
been the common belief, that such impressions are frequent ; 
but the geologist usually finds that they are Inerely the effects 
of disintegration or aqueous action, by which the softer parts 
of the rode . are more worn away than the harder parts. The 
following are all the well authenticated examples of fossil foot- 
marks that have been discovered up to the present time. 

Exam. 1. In the TransMtums of the Roval Society of JSdijibargh fiir 
1828, Dt. Duncan hae given an account, with drawings, of the tracks^ of a 
quadruped on new red sandstone in the quacry of Com Cockle Muir, in 
Dumfries-shire, Scotland. These tracks have been found there in great 
abundance, on many successive layers of the stone, to the depth of 46 ftet; 
or as low as the quarry had been opened. They occur also in another 
quarry, 10 miles south of Com Cockle Muir, where one series of tracks 
extended from 20 to 30 feet. Dr. Buckland seems to have satis&ctorily 
shown that thesy were made by tortdses. Bridgewater Tr^aUte, VoL 1. 
p. 259. 

ExaTn. ^ In 183l, Mr. G. P. Scrope finind namerous fiMtmarki of smaH 
animals on the layers of forest marble, north of Bath in England. The« 
occur along with ripple marks, and were jprobaUy made by emMtacea, crawl- 
ing along the bottom of an estuary. The impression of the tail or the 
stomach is sometimes visible between the rows of Tracks. Jownalof th^ 
Royal Institution of London^ 1831, jh 538. 

Excan. 3. In 1834, an account was published in Europe of some remaric- 
able fossil footmarks on the gres bigarre (new red sandstone^) at Hessberg, 
near Hildberghausen in Saxony. Accounts of these impressioDs luive 
been given by Drs. Hohnbaum and Sickler, Professor Kaugi M. Link, 
and Baron Humboldt. The largest track appears to have been made by 
a marsupial aniinal, whose hind loot was 8 inches long. This animal Pro£ 
Kaup has named clwrotJuriwni^ firom the resemblance -of its- track )• a hu- 
man hand. Some of the tracks appear to have been made by tortoisee; and 
M. Link, who has made out four distinct species from these tracks, sug- 
gests that some of them may have been made by gigantic batraehiansi 
(frogs, salamanders, &c.) BucklancPs Bridgewattr TyeaUse^ Vol. 1. p, 863w 
and Vol. 2. p. 36. Wonders of ecology, Vol. 2. p. 423, Am. Jmmti 
of Science, Vol. XXX. p. 191. Fig. 84, shows a few tracks of the chiio- 
therium on a slab of sandstone from Henbeig. {Set ipedmem v^ tkt CW- 
ntt at Amherst CoUege.) 

Fig. 84. 






Bern. Mr. Owen, with great sagacity, has rendered it probable that the 
tracks referred to the chirotherium, were made by a gigantic batrachian, or 
fW>g, whose hind feet were much larger than his fore feet. He has given a 
sketch of the anioial restored, (the bones of the head only have been die- 
covered,) and of the manner in which the tracks might have been produced* 
Fig. 85 hi a copy. 
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Fig. 85. 




Labyrinthidon pachifgntUhiii Owen. 

Skoam, 4* In 1884, a ftw yety ^Hatinet tracks reflembling those of biidb, 
wtin dueorered in the red sandstone of Che Connecticut valleyi^ at Molt* 
iBgiM in Massadimetts. Subsequent examination discovered similar im« 
fItessioM at several quarries in the same yalle^r and state : and an ac- 
count of seven species was given in the American Journal of Science for 
Januarf , 1896, under the name of OrnUhichnUeSj or stony bird tracks. 
Some of them tre very small, the toes not being more than half an inch 
long ; and tlM length of the step not more than 3 or 4 inches : while others 
aire of enontHKMr Sse ; the foot being 17 inches long, ineludine a claw of 
9 inches ; and the length of the step from 4 to 6 feet. In another species, 
if we Include a singular impression behind the toes, that appears to hats 
been made by a largo heel> the whole length ot the track is S nnBt, and of the 
site, e fcst 

Dinee the time when the account above mentioned was published, I have 
ande still fiurd^r discoveries on this subject. I am now acquainted with 30 
fpccies of tlipse impressions, occurring at 15 quarries, in a distance of 80 
miles, along the banks of Connecticut river, between the north line of 
Massadmselts, and Middletown in Connecticut. So perfect is the impTe8« 
aaen in some cases, that one spedmen shows the pitted, ridged, and fhrrowed 
^n, of the bottom of the foot. 1 have also examined a much larger number 
of the Aet and tracks of different sorts of living animals, and tSe evidence 
seems atiU quite strons, that a large proportion of the fossil tracks must have 
been made W birds of the grails family. Yet some species greatly resemble 
the tracks of saurians, though I have almost no evidence that any of them 
were made by animals having more than two feet. Hence I have denomir 
Baled so^h tracts Sawroidick'Mtes ; that is, tracks resembling those of Sau* 
lians. And I have called the others OmiffundichnUeSj ratner than Omi' 
tkichniies ; that is, tracks resembUng those of birds, instead of asserting that 
they are actually such. I strongly sui^pect, indeed, that nearly all these 
tracks were made by birds : though some of these birds might have par- 
taken largely of the saureid U/pe, which seems to have been introduced 
about the saioe s|)och, according to the principle stated on page 19S. Yet 
so long as any doubt remains on the subject, it may be wiser to give names 
which do not imply absolute knowledge, A few bones ^lately discovered 
in the same sanVistone formation, inspire the hope that certainty on^this sub- 
ject may reward persevering enquiry. Fig. 86, shows four tradw on a slab 
of gray sandstone in mj possession from South Hadley, Massachusetts. 
(See nMnerous specimens in Anikerst CoUege.) Final 2iepori on Geol, Mass, 
FW.9.|».464. 

JRem. It will be seen by the preceding statement, that I do not feel by 
any irisami Certain that these fradksj—eqpecialiy some of the Sauroidichniten 
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wcte nade by birds. I only Mtj, UmI tiMj concfpond bmm ncwlj with 
ihoM of birds, than with those of any other living animals. Among the 
extinct animals, the pterodactvle is the only one that oould have made tracks 
Ht all similar ; and not improbably some of the 30 species above deecribed. 
may have been made by mat animal. Bnt the toes of the pterodactyle. I 
bel«Bve» are always 4 or 6: Whereas more than half of these tiacks riiow tlM 
topgessionB of oodi^ three* 

Pig. 86. 

Exam, 5. In the summer of 1838, tracks of the chiiotherhim, tortoisei^ 
and saurian reptiles were discovered in the new red sandstone, at Um 
oparries of Storeton Hill, below the Meose and the Dee, in En^and. 
The largMt track of the chirothcrtttm is 9 inches long, and i inches broad ) 
length of the step, 21 to 9d inches. At least 6 epecies of trwcke occur at 
this spot. A tFHri^k of another epeciee of chirothenum, of still larger size, 
has been fimnd, probably in the red sandstone, near Tarpcnrly : and Sir 
l^hilip Egerton is of opinion that thia is different (rom that at Storeton, 
and that both differ from the one found at Hessbere; so that evidence 
is now obtuned 6f the existence of three epecies of dilrotheriimi, at tbtf 
epoch of the new red sandstone. Mimng Hevmo for Dec, 1838, p. 180. 
Dr. Buckland states that 5 or 6 species of emaller r^les have also been 
found at the kicalities m England. An, and JMag, tfat. Bid, Fdt. 1841, 
f, 496. 

Exam, 6. At the meeting of the British Association for the advancement 
of Science in the summer of 1839, Dr. Ward save an account of some 
Ibaril footmarks discovered on the new red sandstone near Shrewsbury, 
in England These imprearions are toifid, like those in the sandstone of th« 
Connecticut valley. Tne three toes appear to have been aimed with loQg 
nails ; and in this respect, also, they correspond to those in our country. 1 
have, however, seen only a brief account of Dr< Ward's communication. 
American JownuU of Science^ Vol, 38, p. 127, Jan. 1840. 

Exam. 7. In Prof. Leonhard's and Bronn's Journal of Mineralogy, Ge- 
ognosy, Geology, and Paleontology, for 1839, Dr. Cotta has jriven an ae* 
count of some singular footmarks in new red sandstone in Saiony, some 
10 or 30 miles fh>m Leipnc. The Ibrm of these tracks is very peculiar. 
They are two toed ; or rather resemble a horse shoe, except in being ustially 
somewhat angular. Dr. Cotta could not find any rtmilar arrangement 
of the tracks ; yet he speaks of obtaining full evidence that the impresMons 
were produced by the feet of animals ; and be thinks it most probable of 
Iriped animals. He found only figures in relief on the underside of just 
such a layer as contains the tracks at Hessberg. Am. JourfU^ of Science^ 
Vol.3S,p,9&5. 

Exam. 8. Some cases of tracks noticed by Dr. Buckland, in his Anniver* 
sary Address before the London Geological Society, in February, 1841, may 
be mentioned, rather to illustrate the examples that have been given, than' as 
«f the same character. For th^ are the tracks of deer and large oxen upon 
wad beneath a bed of peat, at Pembrmy, in Pembrokeshiie, and to the £mI 
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of KMtli. Ther ahow hofw tradu iti tnud ean be long pr^senred. iin. A^ 
Afa^. A^ JSriitory, IH^. 1841. J7. 495. 

Rem. 1. I kave leeently received specimens of the tracks of chiratheriani. 
from Hildbar^rhaasen in Saxony : and 1 find that they correspond in general 
ai^pearance to the fossil footmarks from New England : although the shape 
•f the foot is quite difierent. 

Hem. 2. It will be seen that I do not adduce as an example of fossil Ibo^ 
marks, the impressions of the human firat, which were found on limestone 
n the banks of the river Mississippi, in front of the city of St. Louis, in 
Missouri, and which have been described by Mr. Schooteraft in the 5th 
volume of the American Journal of Science. I omit them because I do not 
think there is sufficient eiridence that they are natural impressions. They 
occur in a blue limestone, containing an'tibundance of encrinites and other 
ana](^ou8 remains, and which is probably the carboniferous limestone of 
Europe. F^atkersUmehau^k^s Report^ 1835, p. 28, 4<. It will sureljr require 
strong evidence to prove m opposition to all that geology teaches in every 
other part of the globe, that n^un existed when the limestone of the Missis- 
sippi valley was l^ing deposited at the bottom of the ocean. Yet I am pr»> 
pared to believe that Be did, wheh on splitting open layers of that limestone, 
continuous human steps shall be found impeased on the lower layer, and 
in relief on the upper. But only one pair of footmarks have yet been 
found, and those upon the exposed surface of the rock. They were pro- 
bably .formed by tne ancient inhabitants of the country, or by the early 
white settlers, who had iron tools. If they are as perfect as the drawing 
in the Journal of Science, they could hardly have been formed by water: 
and yet water often produces very remarkable imitative forms in lime- 
stone. 

Rem. 3. It is a sbgular feet, that nearly all the examples of fossil foo(> 
marks hitherto discovered, occur upon some member of the new red sand- 
stone system. There must have been something peculiarly fiivorable, either 
in the nature <Hr mode of deposition of that rock, to the preservation of these 
impressions. 

Inf. These impressions mu&ijt probably in every instance 
have been made on the shores of an estuary, between high and 
kw tide mark : for if made upon land, always dry, it is difficult 
to conceive how they should have been preserved from being 
obliterated by atmospheric agencies; or how matter should 
have been deposited above them to preserve their form : yet the 
fact that the impressions of rain drop sometimes accompany 
the tracks, (as will be described shortly) shows that when im- 
pressed the mud must have been above the water. ProbaUy 
the influx of the tide brought in silt enough to preserve the im 
pressions. 

Impressions of Rain Drops. 

Descr. In the same formation of red sandstone that contains 
the footmarks in England, are found most distinct impressions 
of what appear to have been drops of rain. In the Storeton 
quarry, where are found the tracks of the chirotherium, *' the 
under surface of two strata at the depth of 32 or 35 feet from 
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the top of the <|uarry, prafwats * feoadMiUj blisteied or watery 
appearance, being densely covered hj mi^nte hemispheies of 
^e same substance as the sandstone. These projections are 
casts in relief of indentations in the uraer surface of a thin sub* 
jacent bed of clay, and due in Mr. Uunningham's opinion to 
drops of rain." Lond. and Edin, Philos. Mag. 1839. Some- 
times these impressions are perfect hemispheres : in other cases 
they are irregular and are elongated in a particular direction 
as u the drops struck the surface obliquely : appearing in fact 
as if a wind had accompanied the rain. Tracks of a small ani- 
mal accompany these impressions. America/ii Journal of Science^ 
Vol. 37. p. 371. Dr. Ward describes e^ctly the same appear- 
ance in the new red sandstone near Shrewsbury, in connectjion 
with tracks and ripple marks. Am, Jour. Science, Vol. 38. 
p. 127. 

Rem. 1. I have specimens of preeMy the same character as the 
above from Wethersfield in Connecliciit, mod West. Springfield and Gill, 
Mass. where they occur with foot marks and ripnle marls. jLike the Ens- 
lish specimens^ (which however I have not seen j these show distinctly toe 
direction of the wind when the nan fell. FuliUiermorej I have formed a 
fine clay into paste, and on sprinkling waiter opon it, precisely the same in- 
dentations are produced as exist upon Che sandstone. JiHnal Report on CM, 
Mass. Vol. Z. p. 501. 

Rem. 2. It is a most interesting thought, that while millions of men, 
who have striven hard to transmit some traoa of their existence to future 
generations, have sunk into utter obiivkn, the simple footsteps of animals^ 
Wat existed thousands, nay, tens of thousailda of years ago, should remain 
as fresh and distinct as if yesterday impressed ; even though neariy every 
other vestige of their existence has vanished; Nay, still more strange, is it, 
that even the pattering of a shows? at that distant period^ should have left 
marks equally distinct, and registered with inlaUible certamty, the direction 
of the wind ! 

Synoptical View qfihe Foml Footmarks. 

Rem. 3. If it be desirable to classify the fossil footmarks that have been 
^NBriM. perhaps the following ayrangem^nt, which will giva a synoptical 
view of ihe who]« sub|>ct, may apsWer till a better ooq is propoasd. 

CLASS. ICHNOLITES, 

Order I. p(M<ypodichnite8. 

One spedes made Isy » emstaeean on fi>mst wubls, «iMr BajJii Eng- 
land. 

Order 3. tjetrapodichnitps. 

1. Three species made by chirotheria : two in England and one in Get* 



8. By Saiiriana in England. i 

9. By tortoises io Sisottan^ apd Germany. \ l^Hne speciMi ia all 
4 By batrachians in Germany. ) 
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1. li» MassachuseUs and CownecHcuL 

1. S. Bumttil 

2. heterodkof . . 

3. Jacksoni. 

4. Emmonsil 

5. BaileyL 

6. minitaiif. ' 

7. longipw. 

8. tenuiwimus. 

9. pftlmatus. 
10. polemarehhis. 

b. OrivUAaidichnUeg, 

1. Paeh^daO^ 
1. O. gigantent. 
S. tuberoras. 
3. SiUimant 
4^ Lyellu. 

5. O. expansof. 

6. cuneatas. 

7. parvulw. 

% UeptodaOf^.^ 

8. ingens. 

9. elSguM, 

10. elefantior. 

11. DeaniL 

12. tenuis. 

13. macrbdaetyliM. 

14. divaricatus. 

15. isodactyliu. 

16. delicatnlos. 

17. minimus. 

18. tetradactylos. . 

19. mcilior. 

20. Rogent 

See a fiiU description with i^lates of all these spedes (except the O. Silfi- 
mani, L^ellii and Kojgersi, which were first desenbed at the meeting of the 
Association of American G^logists at Boston, in April 1842,) in tte FmaL 
Report en ike Otology of MassachmeUs^ p^ 477. 

2. In Europe, 

1. Chi« or more species near Shrewsbury in Knglaad. 

2. da . In Saxony. 

12. General Inferences, 

Rem. I have passed over several important inferences derived chiefly from 
palttontology. because they were not deducible firom any one statement thai 
nas been made, and I thought it best to present them in the condosion of this 
flection with a summary of the proof. 
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Inf, 1. The pnsent continents of tbe globe, (exce|jt perhm 
Bome high mountains,) have for a long period constituted the 
6ottom of the ocean, and have been subsequently elevated. 

Proof. 1. Two thirds at least of these continents are covered 
with rocks, often several thousand feet thick, abounding in 
marine organic remains ; which must have been quietly £po- 
sited, along with the sand, mud, and calcareous or ferruginous 
matter, in which they are enveloped, and which could have ac- 
cumulated but slowly. 2. The secondary and primary stratified - 
rocks are almost 'universally fractured and raised up at various 
angles, just as they would have been if lifted from the bottom 
of the ocean by a force acting beneath them. 3. Anticlinal 
ridges are so frequently found with a nucleus of unstratified 
rocks, as to point us to a sufficient cause, viz. volcanic agency, 
for the elevations that appear to have taken place. 

Bern,. This inference it to be regaided as probably the most impoitaat 
principle in geology, and as established on an immovable foundation. 



Inf. 2. XMjBTerent continents, and different parts of the i 
continent, appear to have been elevated at diiiSerent epochs. 

'Proof Let A. B. Fig. 87, represent a mountain ridge, with 
an axis a of unstratified rock. Let the three systems of strata - 
hhy cc, and dd, rest upon the axis a, and upon one another, un- 
conformably, and dip at different angles, except dd, which sup- 
pose horizontal. Now it is obvious that the formations cc^ and 
bb, must have been elevated previous to the deposition of dd ; 
otherwise the latter would have partaken of the upward move- 
ment And if there be no regular member of the series of rocks 
wanting, between d^ and c, it is obvious that we thus ascertain 
the geological, though not the chronological epoch, when ce was 
elevated, cc, however, is imconformalue to bb ; and therefore 
bb^ was partially elevated before the deposition of cc : in other 
words, bb has experienced at least two vertical movements. 
Now this is a just representation of the actual state of things in 
the earth's crust \ and hence by ascertaining the dip of the for- 
mations that are in juxtaposition, we ascertain the different 
•j>ochs of ^levattoui 
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I^^ocha of JSlevaiion, 

Facts, By the application of these prineipiles, it is found that 
the mountains of Europe have been elevated at no less than 
twelve different epochs ; the oldest of which dates as far bade 
as the time when the slates of Westmoreland were tilted up : 
and the most recent, (the principal chain of the Alps,) is said to 
be subsequent to the deposition of the tertiary strata. So far 
as the subject has been examined in this country, it appears that 
fyn or six systems or epochs of elevation can be traced in our 
mountains: though- since the deposition of our secondary rocks, 
scareely any movement has taken place : and though Elie do 
BMumont suggests that the elevation of the Andes was so re- 
cent that it may have produced the historical deluge, yet the 
eastern side of our continent is probably of an older date than 
most of Europe. 

Prin. Acconiing to EHe de Beaumont, to whom we are indebted for 
the first extensive, generalizations on this subject, although Von Buch and 
other geologists had previously made local apptications of the same princir 
pies, chains of contemporaneous elevation are parallel to one another, and 
" to the semicircun)ference of the earth's surface :" and hence he infers 
that mountain chains were elevated at the same epoch, eVen though on dif- 
ferent continents, if they are parallel : that the chain of the Alleganies, for 
instance, belongs to a system of elevation which includes the Pyrenees, part 
of the Appenines, the mountains of the Morea, a part of the Hartz moun- 
tains, Mount Atlas, and other ridges in Africa, the Carpathian mountains, 
Mount Carmel, and Sinai, a part of the Caucasian chain, and the Ghauts. 
In the present state of our knowledge of these mountains, this conclusion 
is unwarranted ; ibr it is admitted by Beaumont, that systems elevated at 
different epochs may be parallel; and until the geology of these moun- 
tains is better understood, it cannot be known but that these belong to 
different parallel systems. See LyeWs Prin, Geol. Vol. 1. p. 304. Yet it 
seems capable of mathematical demonstration, that fissures produced by 
an elevating force acting beneath a portion of the earth's crust, will be 
parallel when no two consecutive fissures are remote from each other ; and 
if another set of fissures be produced, by the force acting unequally at di^ 
fisrent points, these will be parallel to one another, also^; and approximately 
perpendicular to the first set. Hence' Beaumont's principle may prove true 
over large areas ; but much more extensive observations will be necessary 
before it can be applied, except in limited districts. Phillips^s Geology^ jr. 
So9» 
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Inf. 3. Tlie convnlsiye laoTements by which systeaig of 

strata were elevated, appear to have been in most instances 
short compared with the intervening periods of repose, during 
which successive formations were deposited. 

Proof. 1. The deposits appear generally not to have been 
disturbed by any elevatine force wh^ in a state of formation, 
as this would have chan^d the character of the organic remains^ 
De la BecheJs Theorehcal Geology^ Chap. 12. and the period 
of deposition must have been in most cases very protracted. 
2» Had the elevating force been going on slowly during the de* 
position, the lower beds of the formation oue ht to have a greater 
aip than- the upper beds ; which is rarely tonnd to be the ease. 
3. Paroxysmal convulsions are sufficient to account for the ap- 
pearances in most cases of the elevation of the strata. 4. ul 
most cases there is no evidence of any lonff interval between the 
deposition of two rocks whose position is unoonformmbla 5. 
Some single local dislocations are of enormous size, amoontiiir 
to 3000 or 4000 feet ; as in the Penine region of Uie north of 
England : and it is difficult to conceive how such faults could 
have resulted from a succession of minor forces acting through 
long intervals. 6. The doctrines of internal heat, if admitted, 
furnish a sufficient force to elevate the highest mountains by a 
single effort. PhUlipis Geology^ p. 260. 

Bern. The intenral between the deposition of eooMcuttve strata may 
sometimes have been very great, if measured chronologically; espeeialhr 
where one member or more of the series of rocks, is wanting. In such 
cases the principles above explained do not enable us to determine daring 
what part of this interval the elevation of the strata took place. It is chiefly 
on this ground that Mr. Lydl attempts to overthrow the whole c»f Beau- 
mont's reasonings and conclusions on this subject. But it seems to me that 
he has shown only that it is difficult to fix upon that point in the interval 
between two consecutive rocks, when the convulsive movements took place : 
and that the fandamental principles of Beaumont's theory remains unaf- 
fected. And in respect to the exact geological time when the elevation 
occurred, it is, to say the least, very probable that it took fdace just at the 
termination of the period during which the elevated rock was in a course of 
formation ; for such a convulsion furnishes, in many instances at least, the 
only known reason why its deposition was brought to a close. lyyell^s PriT^ 
ciples of Otology f Vol. l.p. 304. X)ther writers have addiieed various objec- 
tions to the views of Beaumont ; as Dr. Bone, for instance, in the Journal 
de Geologie, ToTfie 3. p. 338. 

Inf. 4. It is maintained by Beaumont, that the changes in the zoologi- 
cal and botanical characters of the formations, correspond in genersJ to 
the epochs of elevation: that is, the period of elevation seems to have 
been the time for the destruction of one group of organic races and the in- 
troduction of new species. But though this may be generally, it is not 
usually true. No greaf change, for instance, appears to nave taken place in 
the organic characters of rocks below the zechstem inclusive^ But tbis may 
in T^vd be^BX plained by the &ct that all or neatly all the animals before that 
period were marine, aiid consequently might very probaUy iurvive tlM» s^ 

14 
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(Mint of ft oontinetit ; nnce violent aj^tion of tbe waters would be the 
princiiwl effect. 

/n^ 5. In many instances tbe rocks appear to have suffered 
one alternation or more of elevation and subsidence. 

Proof, 1. The phenomena of what is called the Dirt Bed, 
of the oolite formation in the isle of Portland, in G. Britain, 
{See Fig. 46.) are perhaps the best example in proof of this 
proposition that occurs. In a bed of black mould, lying between 
the Portland stone beneath, and the Purbeck stone above, (both 
of them oolitic limestones,) there exist large prostrate trunks, 
and erect stumps of cycadeaB, or tropical trees, which must have 
ffrown on the spot where the stumps now stand. The follow- 
ing conclusions seem to be fairly inferrible from the facts de- 
tailed. 1. That the limestone beneath this dirt bed was depo- 
sited at the bottom of the ocean. 2. That this bottom must 
have been elevated above the waters long enough for the accu- 
mulation of the soil and the growth of the trees. 3. That the 
surface was next submerged beneath the waters of a freshwater 
lake ; next beneath an estuary ; and next beneath a deep sea, 
long enough for the deposition of strata 2000 feet thick. 4. 
That these strata have been subsequently elevated into their 
present terrestrial state in England. Buckland^s Bridgewater 
Treatise, Vol. 1. p. 495. . 

2. The coal formation may be mentioned as another example 
in point. In these formations there is sometimes an ajternation 
of marine and fresh water remains, and always an alternation of 
coal with shales and sandstones. Hence some geologists are of 
opinion that the land, where the vegetation grew that formed 
the coal, must have sunk and risen again, every time these al- 
ternations occur. Others, however, suppose that the coal plants 
grew on low islands of tropical archipelagos, and were trans- 
ported into the bottom of the ocean, or of estuaries, when they 
were covered by deposits of sand, clay, and limestone, and iigain 
by other beds of vegetables, until a great thickness of these in- 
terstratified layers had accumulated. Freshwater and marine 
relics sometimes alternate in successive strata of the coal mea- 
sures, because in an estuary the salt water would occasionally 
prevail over the fresh water from the river which emptied into 
It. See De la Beche's Manual, p. 444. Also his TTLeoretical 
Geology, p, 264. MaceullocKs system of Geology, Vol. 2. j?. 312. 
Phillip^ s Geology, p. 116. 

3. A third example is the alternating strata of freshwater 
and marine deposits in the tertiary series. But in this ease, 
also, it is very possible to conceive how these alternations might 
have been effected by the successive predominance of riven 
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vl jKd sea in an Mtuarjr as explained above. PkUlip^t 
GtoUgy^f. 164. 

Bern, Examples of more recent elevation and subeidence will be foma m 
Section VlII : Where will abo be found the Tarioua theories propoeea in the 
jQEptanation of the phenomena of elevation and sabsidence. 

Inf, 6. From the phenomena of organic remains, it appean 
Ihat the species of animals and plants now existing on the globe, 
eonld not, with a lew exceptions, have been cotemporariea with 
ihose found in the rocks. 

Proof. 1. If they had been cotemporaries, no reason can be 
given why the remains of the living species do not occur in the 
rocks ; wnich, with the exception of a few hundred species in 
the more recent tertiary strata, is well known to be the case. 
2. Comparative anatomists decide from the structure of the ex- 
tinct animals and plaiits, that they were intended for a climate 
and other physical circumstances so different from those now 
existing, that the organic beings adapted to one state, could not 
have endured the other. The period of the tertiary strata is 
the only exception : and even then, the climate appears to have 
been in higl^ northern latitudes nearly as warm as at present 
between the tropics, until near the close of the period. 

Inf. 7. Hence too we learn the mistake of those,' who are in 
the habit of pronouncing very confidently that certain organic 
remains are petrifactions of existing animals and plants. For 
a they are obtained from the secondary rocks, the presumption 
amounts almost to certainty, that they cannot be the representa- 
tives of existing species. 

Exam. Fossil trees are called oak, maple, hemlock, &c. fibrous tremolite 
and some varieties of mica and talcose slates, are called petrified wood : en- 
crinites are called snakes: coal plants are called rattle-snakes : fiivosites and 
certain fossil shells are called butternuts and walnuts : some varieties of an- 
cient polyparia are regarded as the horns of deer, others as petrified pork: 
and even petrified squaws, pappooses, and buffaloes have been announced as 
existing in the far west. It is often amusing to see with how much confi- 
dence a man ignorant of zoology and botany, will pronounce upon these 
supposed cases of identicalness. 

Inf. 8. It appears that there have been upon the globe 
several distinct periods of oreanized existence, in which par- 
ticular groups or animals and plants, exactly adapted to the 
varying ]J»hysical condition of the globe, have been created and 
have successively passed away. 

Proof If we take only those larger groups of animals and 
plants, whose almost entire distinctness from one another has 
been established beyond all doubt, we shall still find at least five 
nearly complete organic revolutions ^ on the globe : viz. 1. 
The existing species. % Those in the tertiary strata. 8; Thoae 
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2n(li0etetafi«oiitaiid4»Ulio«7iiiieB>t. 4. Thotaiiitheiiewiftd 
•andstone group. 5. Those below the new led . sfuocLBtoiie. 
Cfiuapaiatiye anatoniy teaches us that the aniinak and plants in 
these diArent groups could not have lived in the same physical 
circumstances. 

Bern, 1. The Mumalfl in the cretaoeous and oolitic tp^bemn are ahnost^ 
entinlT diianiilar. Bat aince Adolpbe Brongniart considen the planti aa^ 
all bdongiAg to ene gioap, and Prof. Agaaaii daclana the Ibhea of the 



chalk to bear a great reaen^ance to those in the lower tertiary atnta, I haTe 
thought it aafisst to reckon the cretaoeona and oolitic iTatttDs as fonang 
(mly one org^c period. The synoptical table at the- end of Section t^ 
•hows a chunficatioQ which makes six distinct groups. 

Rmn, 2, It appears fitim the Mowing potation bj Dr. Smith, {Sonp- 
imn and Geek^t p. 614^ seomd Ed:) that iDeshajes, an eminent palaon- 
tolcwist, is able to make out five diranct periods of organized existence, 
besides that nosr passing, on the globe. " M. Deshajes has lately an- 
nounced that he had disooTered, in snrreying the entire series o€ fbssil 
eaimal remains, /iw gmi^ groups, » compkielf tndependeni, thai no apeem 
wkaieDer is fownd t» more than one of tkem. The first of those gionpa 
Jb that to which trilobites give the character; the three sncoeedix^ 
belong to the system of the large saurians, and the fifth includes the 
mtems in whien I have pointea oat the palsotheria, the mastodons, and 
Oe elephants." jyOmaiius d^HaOof^ Elem. de QeeL p. 187; Paris, 1839.' 

Obj, Peihaps the deposits contaipinp: these different organic fronps, may 
haTe been going on at the same time m different coantnes, or m different 
parts of the same country. 

Ansioer, Althoogh all the rocks composing these diflbrent systems are 
not fiyund piled upon one another in any one place, they are aU foi|nd so 
conneoted at different pcNnts, as to prove that they were fi>rmed successiTelT. 
Yet where any are wanting in the series, as the Wealden, for instance, m 
North America, the interru during which these were forming in particular 
localities, may have been occupied by a prolonged deposition of the next 
older, or by an eaifier coomieQcement of the next newer rock. Most proba- 
bly nowever, the same formation was begun and completed in different 
places about the same period: otherwise Um climate would haTe Taried so 
much as to produce a marked change in the organic remains. 

Bern. The Pdlaaniological Chart appendedvrill aid in impressing upon 
the mind the origin, expansion, and termination of the organic beUigs that 
haTe liTed on the globe. In order to make it more impressiTe, it ought to be 
more extensiTe, 

Inf. 9. It ajypears that amidst all the diversities of organic 
life tiiat have existed on the globe, the same general system has 
always prevailed. 

Ulus. 1. All the leading forms of organization that now 
exist on the globe, have existed from the beginning: for in- 
stance, all the four great classes of animals,- the Mammiferous, 
Molluscous, Articulated, and Radiated, and the two great classes 
of plants, the Yasculares and the Cellulares. The relative 
number of species, however, in these different classes has varied 
very much at different periods. 2. Carnivorous races have 
always existed to keep down the excessive multiplication of the 
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kerbiyoroas raees. Tiias, when tlie sanroid fishes of the earliest 
rocks disappeared, their place was supplied in the more recent 
secondary strata, by the voracious marine saurians: and when 
these became extinct, sharks and other predaceous nshes, more 
like those now existing, made their appearance. So among the 
molluscs. During the deposition oi all the secondary rocks, 
carnivorous ceph^opods abounded ; such as the nautilus, am- 
monite, &c. : but in the tertiary strata, and in pur present seas, 
these are rare, and their place is taken by carnivorous trache- 
Hpods, which were not common at an earlier date. BticklanePs 
Bridgewater Treatise^ Vol. 1. p. 298. 3. From the eyes of 
trilobites and the orbits of other animals found in the rocks,, we 
learn that the same relations of animals to light always existed 
as at present. 

Inf. 10. It does not appear that any of the ancient forms 
of animal or vegetable life can be properly regarded as mon- 
strous: or, when compared with the proper standard, even 
heteroclitic. ^ 

Proof, When compared with existing races, they sometimes 
seem monsters in size, and anomalies in character. But their 
great size resulted from a climate better adapted, than that now 
upon the globe, for the developement of organic life ; and their 
peculiar construction adapted them most admirably for the pe- 
culiar situation which they occupied. So that what seems 
heteroclitic at this day, was exact and harmonious adaptation 
then. 

Inf. 11. The whole period occupied in the deposition of the 
fdssiliferous rocks must nave been immensely long. 

Proof 1. There must have been time enough for water to 
make depositions more than 20 miles in thickness, hj materials 
worn from previous rocks, and more or less comminuted. 2. 
Time enough, also, to allow of hundreds of changes m the ma- 
terials deposited : such changes as now require a long period 
for the production of one of them. 3. Time enough to allow 
of the growth and dissolution of animals and plants, often of 
microscopic littleness, sufficient to constitute almost entire 
mountains by their remains. 4. Time enough to produce by 
an extremely slow change of climate, the destruction of several 
nearly entire groups of organic beings. For although sudden 
catastrophes may have sometimes been the immediate cause of 
their extinction, there is reason to believe that those catastro- 
phes did not usually happen, till such a change had taken place 
in the physical condition of the globe, as to render it no longer 
a comfortable habitation for bein^ of their organization. ^6. 
We moat judge of the time requisite for these deposits by simi- 
14* 
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lar opexatioiiB now in promw ; uid diese are in general ex- 
tremely slow. The lakes of Scotland, for instance, do not shod 
at the rate of more than 6 inches in a century. MaeciUloch^s 
Geology^ Vol. 1. p. 507. See also a fcdl view of the arguments 
on this subject in Dr. J. Pyt Smith! s Lectures on Scripture and 
Geology^ p, 394. Second London Editioji, 1840. 

Obj. 1. The rapid manner in which some deposits are firmed at the pre- 
sent day: ex. gr. in the lake of Geneva; where, within the last 800 years, 
the Rhone has formed a delta two miles long and 600 feet in thickness. 
LyeWs Prin, Geoi. Va. 1. p, 423. 

Ans. Such examples are merely exceptions to the general law^ that rivers, 
lakes, and the ocean, are filling up with extreme slowness. Hence such 
eases show only ihat in ancient times, rocks might have been deposited over 
fimited areas, in a rapid manner ; but they do not show that such was gener- 
ally the case. 

06j. % Large trunks of trees, irom 20 to 60 feet long, have sometimes 
been fi>und in the rocks, penetrating the strata perpendicularly, or obliquely ; 
and standing apparently where th^ originally grew. Now we know that 
wood cannot resist decomposition K>r a great length of time, and therefore, 
the strata around these trunks must have accumulated very rapidly ; ana 
hence the strata generally may have been rapidly formed. 

^715. Admitting that the strata enclosing these trunks were rapidly de« 
IXMnted, it might have been only such a case as is described in the first ob- 
jection. But sometimes these trunks may have been drifted into a lake or 
pond, where a deep deposit of mud had been slowly accumulating, which 
remained so soft, that tne heaviest {>art of the trunks, that is, their lower 
extremity, sunk to the bottom by their gravity, and thus brought the trunks 
into an erect position. Or suppose a forest of trees sunk by some convul- 
mon, in the manner described by Rev. Mr. Parker in the Columbia River : 
(See Section VIII.) Exploring Tour beyond the Rocky Mjuntains, p. 132: 
first JBd. how rapidly ought deposits be accumulated around theai, were the 
river a turbulent one, proceedinp^ from a mountainous region. 

Obj. 3. The vast accumulations that have been made of the shields of 
animakula since the commencement of the historic period, show that similar 
deposits of other animal rcpains might have been made of much greater 
thickness in ancient times, in a comparatively short period. 

Ans. If it can be shown that the larger animals, like those found fossil, 
have a power of increase that will compare at all with the astonishing multi- 
plication of animalcnla, the objection will be valid : but niA till then : and 
this can never be'shown. 

O^'. 4. All the causes producing rocks may have operated in ancient 
times with vastly more intensity than at present. 

Ans, This, if admitted, might explain the mere accumulation of materials 
to form rocks. But it would not account for the vast number of changes 
which took place in their mineral and or^wuc charttcters; which co«kl have 
taken place, without a miracle, only durmg vast periods of time. 

Obj.b. The fossiliferous rocks might have been created, just as we now 
find thep, by the fiat of the Almighty, in a moment of time. 

Aw, The possibility of such an event is admitted : but the probability is 
denied. If we admit that organic remains, from the unchanged elephaats 
and rhinoceros of Siberia, to the perfectl^r petrified trilobites and terebratuls 
of the transition strata, were never living animals, we nve up the whole 
ffivund work of analogical reasoning; and the whole of physical science 
alls to the ground. But it is usdess fonnally to rsply to an objection whiek 
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would neTer be advanced bj any man, wbo bad ever exammed even a eab^ 

net collection of organic remains. 

Inf. 12. There is reason to sappose that immense numbexi 
of the softer species of animals, which have no solid parts, may 
have lived and died, during the deposition of the older fossili- 
ferous rocks, without leaving in the rocks a vestige of theiz 
existence. 

Proof. Limestone, (that is the carbonate of lime,) being then 
less common than at a later period, it is probable that animals 
not needing it to form a covering or a skeleton, would have 
been created; since we find that in all periods living beings 
had natures exactly adapted to their condition. Again, we find 
many of the ol^er secondary limestones highly bituminous : and 
the decomposition of soflt and gelatinous animals would have 
produced a large amount of bitumen. Dt la Beckys Manual^ 
f. 476. 

Inf. 13. The greater part of the accessible crust of the globe 
may once have constituted portions of the animal frame. 

Proof In respect to limestone, which has been thought to 
constitute about one seventh of the earth's crust, the presump- 
tion in favor of its animal origin, seems quite- probable : that is, 
animals have the power of separating lime from its other com* 
binations and converting it into the carbonate. McbcevllocKs 
Syst GeoL Vol 1. p. 219. LydVtPrin. Geol Vol. 3. p, 401. 
The recent discoveries of Ehrenberg, respecting fossil animal* 
cula, already detailed, make it probable that a large amount of 
silica and oxide of iron may have thus originated. At a late 
meeting of the British Association, for the Advancement of 
Science, this naturalist exhibited " a large glass full of artificial 
siliceous earth," which he had prepared from existing infusoria; 
and he says that ** pounds and tons of this earth may be easily 
prepared." Am. Jour. Sci Vol. 35. p. 372. I am not prepared, 
however, to go so far on this subject, as a recent able and 
elegant writer, who says, that " probably there is not an atom 
of tne solid materiab or the globe, which has not passed through 
the complex and wonderful laboratory of life." Mantetts 
Wond. Geol. Vol. 2. p. 670. 

Inf. 14. It appears that every successive general change, 
that has taken ^ace on the earth's surface, has been an improve- 
ment of its condition. 

Proof. Animals and plants of a higher organization have 
been multiplied with every chance, until at last the earth was 
prepared for the existing races ; Uie most generally perfect of 
•11, with man at their head. 
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SECTION VI. 

. OFKRATIOM OF AQVEOVfl AND ATMOSPERIC AGENCIES IN 
PRODUCING OEOLOOIOAL CHANGES. 

Prin. The basis of nearly all correct reasoning in geology, 
IB the analogy between the phenomena of nature in all periods 
of the world's history : in other words, similar effects are sup- 
posed to be the result of similar causes at all times. 

Illus. and Proof. This principle is founded on a belief in 
the constancy of nature : or that natural operations are the re- 
sult of only one general system, which is regulated by invariable 
laws. Every other branch of physical science, equally with 
geology, depends \ipon this principle : and if it be given up, all 
reasoning in respect to past natural phenomena, is at end. 

Hsm^ It does not follow from this principle that the causes of geological 
change have always operated with equal intensity, nor with entire uniformity. 
How great has been the irregularity of their action, is a subject of debate 
among geologists. 

Inf. We see from the preceding principle, how important it 
is to ascertain the true dynamics of existing causes of geological 
change : that is, the amount of change which they are now 
producing. For until this is done, we cannot determine whether 
these causes are sufficient to account for all the changes which 
the earth has undergone. 

Rem. • Heat, cold, and water in 'its manifold states, liquid, solid and 
vaporous, so often act conjointly upon rocks, that their separate agency can- 
not be pointed out. But the results of their combined action are numerous. 

Glaciers, Avalanches, Icebergs, and Landslips. 

Descr, Glaciers are masses of ice which are enclosed in Al- 
pine valleys, or are suspended upon the flanks of the mountains 
which rise into the regions of eternal frost. Being of a white 
color, they appear at a distance like vast streams of snow issu- 
ing from lofty summits, and extending into the lower valleys. 
In the Alps, where the large glaciers have received distinct 
names, as feossons, Montanvert, Aletsch, Viesch, &c., they ter- 
minate sometimes as high as 7000 or 8000 feet; but some de- 
scend to 3000 feet They are sometimes three miles wide and 
fifteen miles long : and their thickness at the lower end varies 
from. 80 to 100 feet, and at the upper end, from 120 to 180 feet 
Etudes sur les Glaciers par Agassiz, Nenchatel^ 1840. From 
this most interesting work, I derive nearly all the statements 
that follow respecting glaciers. 

Descr. Glaciers are composed of snow that has been more 
or less melted and again frozen. The lower pcurt becomes pure 
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solid ice : the upper part is composei of a sort^f granular snoir, 
called in French, nevs, and in German, firn. A new J^^^ iM 
added at least each year, so that the mass is stratified. The np. 
per surface is rough and sometimes covered by pointed masses 
of ice, called Aiguilles or Needles, Fissures across the Racier, 
20 or 30, and sometimes even 100 feet wide, are very common, 
produced by the unequal temperature of different parts of the 
mass. The slope of ^aciers is freauently quite moderate. The 
lower end of the glacier of Aar, wnich is 15 miles lopg, is 3000 
feet below the upper end. The slope of that of Aletsch, is 29 
5S : that of the mer de gfaee of Chaumoni, is 3^ 15. 

Deser, The crests and higher parts of the Alps, which 8r« 
frequently vast plateaux, or table land, eontaimn^ 100, 200, of 
even 300 square miles, are covered with thick continumis masses 
of ice, through which die loftyroaks sometimes rise as volcanta 
mountains from the ocean. Tnese plateaux are denominated 
Mers de Glace, or seas of ice : and from them the glaciem 
originate. The mers de glace by expansion, send down the 
sides of the mountain, especially through the valleys, enormous 
streams of ice, which continue to descend until they are melted. 
The common o[»nion that the glaciers slide down the mMUb* 
tains by their weight, is found to lie incorrect ; as they aie no| 
detached from the mer de glace ; and it is only the lower part^ 
where the ground is thawed beneath, thut slides over the rnu^ 
face, and that by the expansion 4»f the ice. In the winter they 
do not slide at ^1 on their bottom. 

Mkis. To ciye a more accunte idea ef glaciers, I have sedttoed a few 
of the spleniOd drawiDfc of tiie Bttides sur Us 0ladat, and had theot 
ez«caied on wood. Tfigr ba^ hem ao weli exeenlod bj tbo aitist, as 
to |ive alMOit aa gnod as idea of the phenomeDa «r gbdeiv, aa tba 
ariguMk. Fig. 88, vaviewof tteupper piurt of thegfaciarof Vieaeh, asil 
ftoceediB from the dkHant mer de glace, ana winds thmgh the long vwiej. 

Deser, When the slope down which the clacier descends is 
very steep, or it is crowded to the ed^ of a preeiuice, huge 
masses sometimes are broken off by gravity, and tuvahling down 
the mountain, produce great havoc, hi the Alps these are 
caUed avaiajichei ; and so large are diey sometimes, that from 
one to five villages, with thousands ef inhabitants, have been 
destroyed in a moment. 

Desor. Landslips are a aooMwhtt sinaar oocuRonce, happeoing in 
coontries where perpetaal frost does not exist. T<hey frcquenUy occur in 
the spring, when the frost leaves the soil, and the great weight of snow and 
ice drags along with it trees, soil and rocks, down the mountain's side. 
Sometimes these slides take place in the summer, after power Ail rains; ss 
that in the white Mountains in 18d6, hy which a fiunny were dasteeyad. 
Marks of andent slides are Tisihla on the tides of tiie Hopper on 8ad<9e 
Mountain in Massachusetts. 
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Deser,, When avalanches occur on the steep shores of the 
ocean in high latitudes, the mass of ice, loaded perhaps with 
detritus, is precipitated into the sea and constitutes an iceberg. 
These icebergs are drifted often to a great distance by oceanic 
currents. Those from the northern ocean are seen as far south 
as 40^ N. latitude. They are sometimes a mile in diameter, 
and rise 250 or 300 feet above the surface, and consequently 
must sink more than 2000 feet below; as every cubic foot 
above, implies 8 cubic feet below the surface. They were 
exceedingly numerous and large in the Atlantic Ocean in W. 
longitude about ^0, reaching probably from N. latitude 40° to 
43,° in the spring pf 1841. N. York Mercury, June 10, 1841. 
Capt. HoskerUs Statement* 

TUus. Fig. 90, shows the lower extremity of the glacier of Aletsch in 
the Alps, where it enters the lake of Aletsch, which it formerly caused to 
overflow with great devastation. Masses of ice are frequently broken off 
and float about in the lake, as shown in the figure. This is one of the 
largest glaciers in the Alps. 

Descr. As glaciers advance by expansion, they break off 
masses of rock from the sides and bottoms of the valleys, and 
crowd along whatever is movable, so as to form large accumu- 
lations of detritus in front and along their sides. When the 
glacier melts away, these ridges remain, and are called moraines. 
Agassiz describes three kinds: 1. The terminal moraine, or that 
at the extremity of the glacier : 2. Lateral moraines, or those 
ridges of detritus formed along the flanks of the glacier. They 
are thickest at their lower part, and decrease upwards. 3. 
Medial moraines, or those longitudinal trains of blocks which 
sometimes accumulate upon the top of the glacier, especially 
where glaciers unite from two valleys, and crowd the detritus 
between them upon their tops. The moraines are sometimes 30 
or 40 feet high. 

Descr. At the lower extremity of the glacier, there is a 
vault from which issues, especially in the summer, a stream of 
water, which ramifies upward beneath the ice like rivers in 
geneiul. This stream, continuing from generation to genera- 
tion, wears out a channel in the rocks as it descends from the 
glacier. 

lUus. Fig. 89, shows the lower extremity of the glacier of Viesch, with 
a distinct terminal moraine, which, at the sides, is connected with lateral 
moraines. A stream of water is seen i -suing from the glacier, which has 
worn a channel in the rocks. On Fig. 88, are shown both lateral and me- 
dial moraines : the latter considerably scattered. 

Descr: The progress of glaciers down their slope by expan- 
sion, varies with theiy situation and the temperature and hygro- 
metric state of the soMon : for they move only in the summer* 
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In a single case the advance was 4400 feet in nine yean. Some- 
times tney advanced lower and lower for several years in con- 
sequence of tlie low temperature, and then they retreat by being 
melted and evaporated when the seasons are warmer. But 
these changes have no regular period, nor are they dependent 
upon any general changes in the temperature of the globe. As 
the glaciers advance and retreat they produce and leave succes- 
^ve moraines, especially terminal ones. 

Rem. Water in freezing enlarges about one ninth of its volame. TVtr- 
ner's Chemistry, p. 19. Fiftk American Edition. 

Descr. Although the inferior surface of the glacier is pure 
smooth ice,' yet it is usually thickly set with fragments of rock, 
pebbles and coarse sand, nrmly frozen into it, which make it a 
huge rasp ; and when it moves forward, these projecting masses, 
pressed down by the enormous weight of the glacier, wear down 
and scratch the solid rocks ; or when the materials in the ice 
are very fine, they smooth and even polish the surface beneath. 
The movable materials beneath the ice are crushed and rounded, 
and often worn into sand or mud. The rocks in place, against 
which the glacier presses, are also smoothed and striated upon 
their sides. These striae, wherever found, are perfectly parallel 
to one another, because the materials producing Ihem are fised 
in the bottom of the ice. But as the glacier advances and re- 
treats, new sets of scratches will be produced, which sometimes 
cross those previously made, at a small angle. 

JUus. Fig. 91, shows a specimen of schistose serpentine smoothed %zid 
scratched beneath a glacier in the Alps. 

Fig. 91. 




Rocks striated by Glaciert. 



Pig. 93. is another similar specimen, exhibiting two seta of 
one another at «i considerable angle. 
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Roekt Hriaied by CHaeien. 

Descr, When the ledges beneath the glaciers are uneven, 
and exhibit many angular projections, the aneles are worn bfT 
and the surfaces assume that peculiar rounded and undulating 
appearance denominated by Saussure, roches mouionnees ; some 
imperfect examples of which are shown on Figs. 88 and 89, 
where a considerable surface near the lower left hand corner of 
the drawing, shows the effect of former glaciers. 

Descr, Currents of water sometimes conspire with the move- 
ments of the glacier, and form grooves or troughs of consider 
able depth ana width on the top of precipitous rocks, to which 
currents of water could have no access were not the space around 
them filled with ice. 'Such furrows are called in Switzerland, 
lapiaz, or lapiz. 

Rem. Th€ phenomena of glaciers form a new and important element in 
geological reasoning. The application of the details that have been giveii 
will be seen when we come to the subject of diluvium or drift in the la^t part 
of this S^tion. 
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Degradation of Rocks and Soil by Frost and Rains. 

Deser. Water acts upon rocks and soils both chemically and 
mechanically : chemioaJly, it dissolves some of the substances 
which they contain, and thus renders the mass loose and porous : 
mechanically, it gets between the particles and forces them 
asunder ; so that they are more easily worn' away when a cur- ' 
rent passes over thent Congelation still more effectually sepa- 
rates the fragments and grains, and thus renders it easy for 
rains and pavity to remove them to a lower level. In a single 
year the influence of these causes may be feeble : but as the;^ 
afe repeated from year to year, they become in fact some of tha 
kttost powerful agencies in operation to level the surface of coik 
iinents. 

Detritus of Debris of Ledges, 

Deser. It is chiefly by the action of frost and gravi^, thai 
those extensive accumulations of angular fragments of rockn 
are made, that often form a taltis, or slope, at the foot of naked 
ledges, and even high up their faces. _In some cases, thougk 
not generally, this detritus has reached the top of the ledge^ 
and no farther additions are made to the broken spoils, which 
usually slope at an angle not far from 40^. Examples of thi« 
detritus are usually most striking along the mural faces of trap 
focks: as for instance in the valley of Connecticut river ik 
New England. 

Inf. From these facts it appears that the earth cannot have 
existed in its present state an immense period of time : other- 
wise these slopes of debris would in every instance have ex- 
tended to the top of the ledge : that is, the work of degradation 
would have been finished. We cannot, indeed, determine from 
this geological chronometer, the chronological epoch when this 
work of degradation commenced : but we are at least made sure, 
that the present state of the earth had a beginning. 

Rivers. 

Descr, Rivers produce geological changes in four modes : 
1. By excavating some parts of their beds. 2. By filling up 
other parts. 3. By forming deposits along their banks. 4. By 
forming deposits, called deltas^ at their mouths. 

Exam. Most of the larger riven, especially where they flow through a 
level country, are filling up their channels : but where smaller streams pass 
through a mountainous region, the power of excavation is still going on : 
and it is accomplished in a good measure by means of ice freshets. It is im- 
possible for one who has not witnessed the breaking up of one of these 
stzeams in the spring, when fi>r many miles the whote channel becomes 
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fiterally chewed with ke, to form an adequate idea of the Immenae excaTar 
ting force whicblt exerts. 

Descr. The deposit formed in the lake of Geneva by the 
waters of the Rhone, has been already mentioned. Another 
is formed at the mouth of this river, on the shores of tbe Medi- 
terranean, and is said to be mostly solid calcareous and even 
crystalline rock. LyelVs^Prin, Geol. Vol, 1. p, 433. The 
delta of the Mississippi has advanced several leases since New 
Orleans was built. The delta of the Ganges commences 220 
miles from tbe sea, and has a base 200 miles long, and the 
waters of the ocean at its mouth are muddy 60 miles from the 
shore. Since the year 1243 the delta of the Nile has advanced 
a mile at Damietta ; and the Bame at Foah since the 15th cen-i 
tury. In 2000 years the gain of the land at the mouth of the 
Po, has been 18 miles, for 100 miles along the coast. The 
delta of the Niger extends into the interior 170 miles, and 
along the coast 300 miles, so as to form an area of 25.000 
square miles. , 

Descr. An immense alluvial deposit is forming at the mouth 
of the river Amazon and Oronoco ; most of which is swept 
northerly by the Gulf Stream. The waters of the Amazon are 
not entirely mixed with those of the ocean at the distance of 
300 miles from the coast. The quantity of sediment annually 
brought down by the Ganges, amounts to 6.368.077.440 tons ; 
or 60 times more than the weieht of the great pyramid in Egypt 
The quantity of matter chemically and mechanically suspended 
in the waters of Merrimac river, that run past the city of 
Lowell in Massachusetts, in 1838, according to the very accu- 
rate experiments of Dr. Samuel L. Dana, amounted to 1.678. 
343.810, pounds avoirdupois. The annual amount of anthracite 
coal used in the Merrimac Print Works in Lowell, is 5000 
tons : and Dr. Dana estimates, that if the above amount of sedi- 
ment were coal, it would supply those works 167 years. The 
quantity of water discharged by the Merrimac in 1838, was, 
219.598.840.800. cubic feet. 

Inf, 1. The extensive deposits thus forming daily by rivers, 
need only consolidation to become rocks of the same character as 
the shales, sandstones, and conglomerates of the secondary series. 

Inf. 2. Rivers in general have not excavated their own 
beds: but run in valleys formed for the most part by other 
causes. 

Proof. 1. In a majority of instances they are filling up 

their beds. 2. Transverse valleys frequently cross the course of 

rivers in such a way, that the water must have originally pa 

through them instead of excavating their present channeu. 

15* 
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ISms, Fig. 94, BhcfWB Connectieut RiTer, crossing Massachusetts and 
Connecticut, and emptying into Long Island Sound. If it had been 
left at first to find its own way to the ocean, and the passage between Holy- 
oke and Tom (which are in fact but one ridge,) had not been formed, it must 
have passed through the valley A, to the sound : since no part of that vat 
ley, (through which the Farmington canal passes,) is more than 134 &^ 
above the present bed of the river, where it runs between Holyoke and Tom. 
Or if the bed of the river had not existed through the mountaiBs below 
Middletown in Connecticut, the river, instead of forming it, would h«v« 
passed to the Sound through the valley B, through which the Hartford and 
New Haven Rail Road now runs, and no part of which can be more than 
90 or 30 feet above the present level of the river at Hartford. 

Descr* Terraced valleys, (of one of which a cross section is 
given in Fie. 93, at A,) sometimes exist in alluvial or tertiary- 
regions, witn the terraces on each side of equal height : and 
these appear to have heen formed by the excavating operations 
of the rivers themselves. 

Mode of F^nmuiHon, Some suppose them formed by the sudden and 
successive bunting away of the barriers by which the river has been re- 
strained. But it is wholly unnecessary to suppose any such bursting of 
bfirriers. The slow and uniform operation of the stream ujwn alluvial soil, 
will explun all the phenomena. But the explanation cannot be given hers 
for want of room. It will be found in my FSnal Report on the wdogy of 
Massachmetts, Vol 2. p. 332. 

Dr. Buckland has recently suggested that these parallel terraces in Soot- 
land are probably " the effects of lakes produced by glacial action. Proce«dr 
ings of the Geological Society, Nov. I8t/i. 1840, p, 333. 




VaUe^. 

Other Valleys. 

Descr. The terraced valleys above described are denomina- 
ted valleys of denudation, when produced by the denuding 
force of water : and numerous valleys of other shapes, having 
b^en -formed in the same manner, are thus called. Indee(^ 
scarcely a valley exists that has not been more or less modified 
by this cause. iSut the greater part of the larger valleys that 
furrow the earth's surface, had a different origin ; viz. the ele- 
vations, f raetures, and dislocations which the strata have ex- 
perienced. 
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Proof. The phenomena of longitudinal and tranevene Talleyi proTe that 
all of them cannot have been the result of running water. In Fig. 94, 
which is a sketch of the valley of Connecticut river, with a portion of the 
mountainous region on both sides, it will be seen that the generad direction 
of the mountain ridges, and of course of the valleys, is nearly north and 
•oath. Nevertheless, it will be seen that the tributaries of the Connecticut, 
Farmington, Agawam, and Deerfield rivers, and also the Connecticut itself, 
pass across these ridgei and longitudinal valleys, in transverse valleys, wiuch 
must be deeper than the others, else the water would flow out laterally into 
the longitudinal valleys. Now it is obvious that both sets of these valleys 
could not have been excavated by water. For if the longitudinal valleys 
were thus formed, how could the water afterwards be raised to the requisite 
le|rel, for cutting valleys through the longitudinal ridges % We must there- 
fore, suppose that one and often both of these sets of valleys originated in 
the fractures and foldings of the strata at the time of their elevation ;. and 
that water has only rounded their outlines and covered their inequalities with 
detritus. 

Dtf. When a vallejr is produced bv the sinking o^the strata : 
Of which is the same thing, by their elevation along two parallel 
anticlinal lines, it forms, what is called a valley of subsidence^ as 
6. Fig. 93. When by the elevation of the strata they are made 
to separate at their highest point, a valley is produced, called a , 
valley of elevation ; as C. When a fracture nas taken place in 
the strata, so as to leave the sides very steep and the valley 
narrow, a ravine is produced ; as at D. In such a case the 
lower part of the fissures is usually filled up with detritus. 

' Prin. In some instances it is very difficult to decide, whether 
a particular gorge or ravine has been excavated by existing 
streams or by earlier agency, or was in part formed by some 
original dislocation of the strata, or by all these causes combined. 

Exam. The deep ravine, seven miles Ion ^.between the falls of Niagara 
"Wa^ Lake Ontario, has occasioned much discussion among geologists, re- 
specting its origin. The falls are about 150 feet in height ; and 670.000 tons 
of water are precipitated over them every minute. The upper stratum of 
rock is limestone ; beneath which is shale, which wears away faster than 
the limestone, so as to cause the latter occasionally to break off in large 
" 1 16 



and the falls have been said in this way to recede 50 yards in 
years. At this rate it would have required 10,000 years for them to have 
reached their present situation, if they commenced at Lake Ontario; and 
90.000 years longer will be necessary to reach Lake Erie. But the rate of 
rebrocession is yet unsettled ; and probably it would be very different at dif> 
forent periods ; and besides, the suggestion o{ Prof. Rogers \Am. Journal of 
Science^ Vol. 27, p. 326.) that diluvial action may have commenced the ex- 
cavating process, has no little plausibility : so that the time already occupied 
in forming this ravine, and the time requisite to carry it to Ontario, must .be 
r^arded as .determined only conjectu rally. The geologist, however, who 
witnesses the extensive excavations made by other streams in our country in 
the solid rocks, will not be disposed to reject the above cakulations siDi^ 
because they require vast periods of time. / 
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Bursting of Lakes. 



DescT. A few examples have occurred in which a lake, or a 
laree body of water long confined, has broken throueh its barrier 
and inundated the adjacent country. An interesting example 
of this kind occurred in the town of Glover in Vermont ; in 
which two lakes, one of them a mile and a half long and three 
fourths of a mile wide, and in some places 150 feet deep; and 
the other, three fourths of a mile long, and half a mile wide, 
were let out bjr human labor, and being drained in a few minutes, 
the waters urged their way down the channel of Barton river, 
at least 20 miles to Lake Memphramagog, mostly through m 
forest, cutting a ravine from 20 to 40 rods wide, and from 50 
to 60 feet deep ; inundating the low lands, and depositing there- 
on vast quantities of timber. American Journal of Science^ 
Vol. 11. ^. 39. In 1818, the waters of the Dranse in Switzer- 
land, having been long obstructed by ice, burst their barrier 
and produced still greater desolation, because the country waa 
more thickly settled than the borders of the lakes above named. 
De la Beche^s Manual, p. 56. 

Hem. It has been suppofled, that ahoald the falls of Niagara ever fecedo 
to lake Erie, a terrible inundation of the reg[ion eastward would be the result; 
but De la Beche has proved satisfactorily, that the only eflfect would be a 
gradual draining of lake Erie, with only a slight increase of Niagara civet. 
JJteoreUcalOeoBgy,p.i5i. 

Agency of the Ocean. 

Deser. The ocean produces geological changes in three 
modes: 1. By its waves: 2. By its tides: 3. By its currents. 
Their effect is twofold: 1. To wear away the land: 2. To accu- 
mulate detritus so as to form new land. 

Deser. The action of waves or breakers upon abrupt coasts, 
composed of rather soft materials, is very powerful in wearing 
them down, and preparing the detritus to be carried into the 
ocean by tides and currents. During storms, masses of rocks 
weighing from 10 to 30 tons, are torn from the ledges, and 
driven several rods inland, even up a surface sloping with a 
considerable dip towards the ocean. 

Exam. In the iSth century, a strait half as wide as the channel between 
England and France, was excavated in 100 years in the north part of Hol- 
land : but its width afterwards did not increase. The English Uhannel also, 
has been supposed to have been formed in a Bitnilar manner. In England, 
several villages have entirely disappeared by the encroachments of the sea. 
At Case Mav, sn the north side of Delaware Bay, the sea has advanced 
apon tne land at the ri^e of about 9 feet in a year ; and at Sullivao's Island, 
near Charleston, S. Carolina, it advanced a quarter of a mile in three yean. 
Bat perhaps the coast of Nova Scotia and New England, exhibits the most 
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■triking examples of tne powerftil watting agency of the waves, whose force 
there is often tremendous, especially darin? violent northeast storms. Where 
the coast is rocky, insulated masses of rocks ^in Scotland called Drongs^) are 
left on the shore, giving a wild and picteresqee efiisct to the scenery, as in 
the following sketch, Fig. 95, whicn was taken upon Jewell's Island in 
Casco Bay. 



Fig. 95. 




Dron^MonJetoeWa Mand: Como Bay. 

Descr. It is difficult to examine the coast of Nova Scotia and New 
England; — to witness the great amount of naked battered rocks, and to 
eee harbors and indentations chiefly where the rocks are rather soft, while 
the capes and islands are chiefly of the hardest varieties, — without being 
convinced that most of the harbors and bays have been produced by this 
agency. In Boston Harbor, the outer islahds are composed of naked rock, 
and flurther within the harbor, the outer borders of the islands are being 
swept of their loose soil. Here we see the steady progress of this encroach^ 
ing process. 

Fig. 96, shows the rocks and light houses fthere is scarcely anything else 
to be seen,) on the island near the extremity or Cape Ann, in Massachusetts, 
which is peculiarly exposed to N. E. storms. 

Fig. 97, will give an idea of the appearance of the islands in Boston 
Harbor, as it is entered from the north-east. 

Purgatories, 

Descr. When the rocks exposed to the waves are divided 
by fissures, running perpendicular to the coast, the mass be- 
tween two fissures is sometimes removed by the water, thus 
leaving a chasm, often several rods long and very deep, into 
which the waves rush during a storm with great noise and vio- 
lence. Such caverns have received in New England, the sia- 
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gulai appellation o£ purgatories. Very good examples oecuf in 
uie vicinity of Newport, Rhode Island. 

Rem, Similar fissures with the same name occar in the interior ; m in 
Satton and Great Barrington in Massachusetts. 

Fig. 96. 




Extremity of Cape Ann, 
Fig. 97. 




Beaches of Shingle and Sand, 

Descr. The shingle, or perfectly water worn pebbles of a 
coast, and sand, are sometimes driven upon the shore by the 
waves, so as to form beaches ; and sometimes even large bowl- 
ders are thus urged inland by powerful storms, so as to lie in a 
row on the shore. In some cases of this sort, after the beaches 
have been formed, the waves rather protect the coast than en- 
croach upon it 

Dunes or Downsi 

Descr. The sand which is driven upon the shore by the 
waves as above descr tbed, is often carried so far inland as to b« 
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iMvond the reach of the retuming wave ; and thui an aeenam* 
lation takes place, which is the origin of most of those moving 
sand hills^ known by the name of dunes or downs. When the 
sand becomes dry, the sea breezes drive it farther and farther 
inward ; the land breezes not having equal power to force it 
back ; and at length it beccnnes a formidable enemy, hj over- 
whelming fertile nelds, filling up rivers; and barying villages. 
Sometimes these dunes occur in the interior of a country. 

Eacam. ETer j one is iftmUiar wilh the hittory of tkese dunes in Egypt. 
The westerly winds . have broo^ht in the sands from the Lybian desert, 
and all the west side of the Nile, with the exception of a few sheltered 
spots, has been converted into an arid waste. In U]>per Egypt especially, 
the remains of ancient temples, palaces, cities, and villages, are numerons 
among the drifting sands. In Europe, around the Bay of Biseav, a simi* 
lar destractivp process is going on. A great number of villages have been 
entirely destroyed ; and no less than ten are now imminently threatened 
bv sand hills, 'which advance at the rate of 60 or even 72 feet annually. 
C5a the coast of Cornwall in England, similar effects have taken place. 
These dunes are also cominon on ue coast of the United States, eiipeciall^ 
on Cape Cod in Massachusetts ; where strenuous efforts have been Biade to 
arrest their progress, and to prevent the destruction of vilfeges and harbor* 
that are threatened. 

Waves and Tides. 

Ran. 1. It has generally been stated that waves do not affect the bol- 
torn of the ocean where the water is more than 90 feet deep. But the exact 
depth to which their disturbing influence extends, has not been accurately 
settled. 

JHern, 9. 1% must be recollected in estimating the power of waves to 
remove rochs, that the weight of the latter in water is not much more thui 
half their weight in air ; and consequently that a much less force will re- 
move them. 

Descr, In large inland hodies of water, such as the Mediter- 
ranean, Black and Caspian Seas, and Ijake Superior, tides are 
scarcely perceptible ; nevejr exceeding a few inches ; and in 
the opc^ ocean they are very small ; not exceeding 2 or 3 feet : 
But in narrow bays, estuaries, and friths, favorably situated for 
accumulating the waters, the tides rise from 10 to 40 feet^ 
and in one instance even 60 or 70 feet on the European coasts, 
and in the Bay of Fundy, in Nova Scotia, 7Q feet. In such 
eases especially where wind and tide conspire, the effect is 
eonsiderable upon limited portions of coast, both in wearing 
away and filling up. De la Beche's Manual, jk 85. LyMs 
Prim, Gtd. Vol 2* f. 24. 

Oceanic Currents, 

Descr, Oceanic currents are produced chiefly by winds. 
The most extensive current of this kind is the Gulf Stream. 
Thif fipWB out of the Indian OceaUj around the Cape of Good 
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Hope, passes aorthward along the coast of Afiica to tlie equa- 
tor, thence across the Atlantic ; beine increased b^ the Trade 
winds : and impinging against South America,, it is turn^ 
northward, and continues along the coast of the United States 
even to the banks of Newfoundland ; from whence it turna eaiA 
and southeast across the Atlantic, returning to the coast of 
Africa to supply the deficiency of waters there. It is estimated 
that this current covers a space 2000 miles in length, and 350 
in breadth. Its velocity is very variable ; but may be stated 
as from one to three and even four miles per hour ; its mean 
rate being 1.5 mile. A current sets northward between America 
and Asia, through Behring^s Straits, which passes around the 
northern extremity of America, and flows out into the Atlantic 
in two currents, one called the Greenland current, which passes 
along the American continent, at the rate sometimes of 3 or 4 
miles per hour, until it meets and unites with the Gulf Stream, 
near the Banks of Newfoundland, where the velocity is two 
miles per hour: the other sets into the Atlantic between 
America and Europe. It is these two currents that convey ice- 
bergs as far south as the 40th degree of north latitude before 
they are melted. Among the Japanese Islands a current sets 
northeast, sometimes as strong as hve miles per hour. Another 
sets around Cape Horn from the Pacific into the Atlantic 
Ocean. A constant current sets into the Mediterranean throueh 
the straits of Gibraltar, at less than half a mile per hour. It 
has been conjectured, but not proved, that an under current sets 
outwards through the same strait, at the bottom of the ocean. 
Mr. Lyell also suggests that the constant evaporation going on 
in that sea, may so concentrate the waters holding chloride of 
sodium in solution, that a deposit may now be forming at the 
bottom. But the deepest soundings yet made there, (5880 feet,) 
brought up only mud, sand, and shells. Numerous other cur- 
rents of less extent exist in the ocean, which it is unnecessary 
to describe. They form, in fact, vast rivers in the ocean, whose 
velocity is usually greater than that of the larger streams upon 
the land. De la Beckers Manual, j?. 91. 

Descr, The ordinary velocity of the great oceanic currents 
is from one to three miles per hour : but when they are driven 
through narrow straits, especially with converging shores, and 
.the tides conspire with the current, the velocity becomes much 
greater, rising to 8, 10, and even in one instance to 14 miles 
per hour. LyelPs Prin. Geol Vol. 2. p. 29. 

Descr. The depth to which currents extend has not been 
accurately determined. Some limited experiments seem to in 
dicate that they may sometimes reach to the depth of nearly 

16 
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500 feet tt ought to be remembered, however, that the friction 
of water against the bottom, greatly retards the lower portion 
of the current ; so that the actual denuding and transporting 
power in these currents is far less than the velocity at tne sur- 
face would indicate. 

Descr. Alike uncertain are the data yet obtained, for de- 
termining what velocities of water at the bottom are requisite, 
for removing mud. sand, gravel, and bowlders. It has been 
stated, however, (and these are the best results yet obtained,) 
that 6 inches per second will raise fine sand on a horizontal sur- 
face, 8 inches, ^nd as tsoarse as linseed; 12 inches, fine eravel: 
24 inches per second win roll along rounded gravel an inch in 
diameter : and 36 inches will move angular fragments of the 
size of an egg. The velocity necessary for the removal of large 
bowlders has not been measured. A velocity of 6 feet per 
second would be 4 miles per hour: of 8 feet per second, 5.4 
miles per hour : of 12 feet per second, 8.2 miles, per hour : of 
24 inches per second, 16.4 mites per hour r of 36 feet per second, 
24.6 miles per hour. Fine mud will remain suspended in water 
that has a very slight velocity, and often will not sink more 
than a foot in an hour ; so that before it reached the depth of 
500 feet, it might be transported by a current of 3 miles per 
hour, to the distance of 1500 miles. De La Beckers Theoretical 
Geology^ p. 56, and 64. 

Inf. 1. It appears that most rivers, in some part of their 
course, especially when swollen by rains, possess velocity of 
current sufficient to remove sand and pebbles ; as do also some 
tidal currents around particular coasts:. but large rivers and 
most oceanic currents can remove only the finest ingredients ; 
and as to large bowlders, it would seem that only the most vio- 
lent waves and mountain streams can tear them up and roll 
them along. 

Inf. 2. Oceanic currents have the powet greatly to modify 
the situation of the materials brought to the sea hy rivers and 
tides, and to spread them over surfaces of great extent. 

Exam. The waters of the Amazon, still retaining fine sediment, are 
found on the surface of the ocean 300 mifes frcrni the coast, where thev are 
met by the Gulf stream, which runs there at the rate of 4 miles per hour. 
Thus ^re these waters carried northerly alon^ the coast of Guiana, where an 
extensive deposit of mud has been formed, which extends an unknown dis- 
tance into the ocean. In like manner, the muddy waters of the Oronoco 
and other rivers are swept northerly, and probably a deposit is going on along 
th3 ^b-:^'* 'v^aaf rtf America as far north as the Gulf Stream extends. LyelTs 
Pnn. Qeol. Vol. %p. \vz. 
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CHEMICAL DEPOSTTES FROM WATEE. 

Calcareous Tufa^ or Travertin, 

Descr* In certain circumstances water noms in Boiutioa & 

Quantity of carbonate of lime, which is readily deposited when 
liose circumstances change. The deposit is called travertin^ 
or calcareous tufa. 

Exam. At Clermont in France, a siogle thermal spring baa deposited a 
mass of travertin 240 feet long, 16 feet high, and 12 feet wide. At San 
Visnone in Tuscany^ a mass iias been form^ upon the side of a hill, half a 
mite \nng and of various thickness, even up to 2U0 feet At Sao Filippo, in 
the «ame country, a spring has deposited a mass 30 ieet thick in 20 years. 
And a mass is found there, 1.25 mile in len^h, one third of a mile wide, and 
in some places 250 feet thick. In the vicinity of Rome, some of the traver- 
tin can hardly be distinguished from statuary marble ; and that which is 
constantly forming near Tabreez in Persia, is a most beautifVil variety of 
semi-transparent marble, or alabaster. At Tivoli in Italy, the beds are some- 
times from 400 to 900 feet thick, and the rock of a spheroidal structuro. 
Ij^sPrui, GeaL VoLl,p,3&l. 

Marl 

Deser. The only kind of marl now in the course of forma- 
tion, is that deposited at the bottom of ponds, lakes, and salt 
water, known by^ the name of shell marl ; and which consists of 
carbonate of lime, clay, and peaty matter ; as has been described 
in a preceding section. Tne marls in the tertiary strata arie 
freauentiy in^rated, and eo by the name of rock marl. Much 
of the marl used in Virgima, and other southern States, is com- 
posed mostly of fossil marine shells ; and this is a true shell 
marl. But that usually so called, contains only a small propor^ 
tion of shells : the remainder being .pulverulent carbonate of 
lime, except the clay and peaty matter, mixed with the car- 
bonate. These beds of man often cover hundreds of acres, and 
are several feet thick. In Ireland they contain bones of a large 
extinct species of elk, as well^s shells of Cypris^ Lymnaa, Val- 
vata, Cyclas^ Plamorhis^ Ancyclus, ^c. The marls of this 
country contain shells of Planorbis, Lymtiaa, Cpelas, and other 
small nreshwater molluscs. 

Rem. These alluvial deposits of marl have been generally supposed to 
be the result of the decomposition of the small shells which occw in them. 
Bat they seem to me only in part due to this cause. Carbonate of lime it is 
well known, is scarcely soluble in pure water. ^ But if the water contain 
carbonic acid, and carbonate of lime be diffused in it, the acid will render it 
soluble. Yet the excess bf acid is easily expelled, uid then the salt* will be 
deposited; as we know to be the case in many waters that are not thermal ; 
as at the mDoths of several of the streams that empty into the MediterraneaQ. 
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Nor will thb deposit be necessarily crystalline ; for it may be pnlvemlent 
Now the waters in Hmeatone regions frequently ceotain carbonic acid. 
Thc^ also often contain carbonate of lime, m a state of suspension, which 
has been worn from the rock. Hence the salt thus dissolved will be very 
likely to be deposited, when the solution containing it forms ponds, whose 
stagnant waters are liable to chemical changes sufficient for this purpose. Or 
ifthis be doubted, it is certamlv very possible that the streams that empty 
into ponds, will carry thither minute particles of limestone, which have been 
worn from the rocks over which the waters have PMsed ; and these will be 
deposited when the waters have become quiet. The largest port of these 
alluvial marls, that have come under my observation, appear to have been 
formed in one of these modes, and not by the disintegration of the shells. 
These are generally in a sound stote, when the marl is nrst dug, whereas if 
the powdeml part originated from them, we ought to find them m fragments 
of every size. Henrys Chemistry^ Vol. % p. 613, Eleventh Edition, l^m- 
son*s hwrgflmoA Chemtst/ty^ Vol. 3. p. 513. 



Siliceous Sinter. 



Descr. Thermal waters alone can contain silica in soltttion 
to any important amount. The most noted of these are the 
Greysers in Iceland; where a siliceous deposit, about a mile in 
diameter, and 12 feet thick, occurs; and those % of the Azores, 
where elevations of siliceous matter are found 30 feet high. 
The stems and leaves of the frailest plants are converted into 
sinter or covered with it. Thermal springs, also, not in volcanic 
legicMis, as on the Washita river in this country, and in India, 
deposit a copious sediment of silica, iron, and lime. 



Hydrate of Iron^ or Bog Iron Ore. 



Descr. It is probable, as will be^ shown in a subsequent section, that the 
greater part of the ferruginous deposits so widely diffused, originate from the 
rossil shields of animalcula. Yet in some instances we have direct evidence 
that they are produced by the decomposition of iron pyrites : for where such 
decomposition is going on, (as in the western part of Worcester County, in 
Massachusetts,) the rbcks are coated over with the hydrate, and the sur- 
rounding soil deeply impregnated with it. Nor can there be any doubt but 
this iron would be often carried by water — although not directly soluble 
in it, — to the lowest places, and into ponds and rivers, so as to form deposits 
there. 

Rem. The hydrate of manganese is almost as widely diffused through 
the rocks as the hydrate of iron ; but its quantity is so small that it exerts 
but a slight influence in the production of geological changes, and will 
therefore be passed without particular description. The same remarks will 
apply to sulphate of lime, carbonate of magnesia, chloride of calcium, &c 
which occur in almost all natural waters, and sometimea fi)im deposits <xf 
•mall extent 
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P^troleumy Asphaltum, 4^. 

Veser. 1 he great amount of bitmnincms maUez ^ritli wbicli 
certain springs are impregnated, renders them deserving of 
notice as existing causes of geological change, capable of ex- 
plaining certain appearances in the older rocks ; many of which 
are hi^ly bituminous. In the Burman Empire, a group of 
springs or wells at one locality, yielded annually 400.000 hogs- 
heads of petroleum. It is found also in Persia, Palestine, Italy, 
and the United States. In this country it has the name of 
Seneca Oil, from having been early observed on the surface of 
springs at Seneca in N. York. It is thrown up in considerable 
abunaance, also, at the salt borings on the Kenhawa river in 
Ohio ; where a few years ago a lai^gp quantity of it, floatine^ oa 
the surface of a small stream, took nre, and the river for a half ' 
a mile in extent appeared a sheet of flame. Am. Journal of 
Science, Vol. 24. p. 64. In Palestine the Dead Sea is called the 
lake Asphaltitesj from the asphaltum which formerly abounded 
there. But the most remarkable locality of bituminous matter 
is the Pitch Lake in the island of Trinadad, in the West Indies. 
It is three miles in circumference, and of unknown thickness. 
It is sufficiently hard to sustain men and quadrupeds ; though 
at some seasons of the year it is soft. Geological Transactions^ 
Vol. Lp.63. 

Rem. Mineral pitch was a principal ingredient in the cement used 
in conatracting the ancient walls of Babylon, and of the temple in 
Jeiusalem. It has lately been employed in a similar manner, and it 
is said very successfully, to form a composition for paving the streets of 
cities. 

, Prin, The various bitumens are produced from vegetables, 
by the processes by which these are converted into cofd in the 
earth. 

Inf. Hence the bitumens that rise to the surface of springs, 
or form inspissated masses on the earth's surface, or between 
the layers of rocks, are supposed to be produced from vegeta<' 
ble matters buried in the earth ; and to be driven to the sur- 
face by internal heat ; and the fact that such deposits usually 
occur in the vicinity of active or extinct volcanos, give» probar 
bility to this theory. 

Phenomena of Springs. 

Descr. Water is very unequally distributed among the dif- 
ferent strata ; some of them, as the argillaceous, being almost 
impervious to it ; and others, as the arenaceous, aumiximg it to 
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pereolate tlirougli them witli great facility. Hence wlieh tlie 
ronner lie beneath the latter in a nearly horizontal position, 
the lower portions of the latter will become reservoirs of this 
fluid. 

Inf. Hence if a valley of denudation cuts through these 

Sirvious and impervious strata, we may expect springs akmg 
eir junction. 

lOus. If B. B. Fig. 96, be the perriovis, iund C. C. the impemous 
stratum, and A. the valley, of denudation, we may expect Bprin^pi at 
£. E. 

Fig. 98. 




J}escr. If a fault occur in these strata, as at D, whereby they are 
rank on the rfeeht of D, and still dip towards L, the water will be acco- 
mukted at L, because it cannot pass into C, and a spring may be expected 
«tL. 

Rem, Sometimes the geologist can discover the line of a fault by the 
iwcurrence of springs, where nothing else indicates its existence at the 
rarfibce. 

Lfescr. In many parts of the world, if the strata be pene- 
trated to a considerable depth by boring, water will rise, some- 
times with great force, to the surface, and continue to flow un- 
interruptedly. Such examples are called Artesian wells ; from 
having been first discovered at Artois, the ancient Artesium. 

T%eory. The theory of these wells is simple. In Fi^. 31, (p. 48.) sup- 
poee the fonnatbn marked as the upper coals, and also the millstone grit to 
DO impervious to water : while the lower coal is pervious, or the water bear- 
Hg stratum. Now if excavations be made at B, or E, till the coal strata are 
'eached, it is obvious that water vnll be forced to the surface by hydrostatic 
pressure : because some part of the water bearing stratum is higher than the 
points B, and C. 

Inf. 1. If ai)y water bearing stratum, passing under a {^ce 
where boring is attempted, rises higher at any point of its pro- 
longation than the surface where the boring is made, the water 
will rise above that surface : and it will fall as much below 
that surface as is the level of the highest part of the pervious 
stratum. 
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Inf, 3. Hence borings of tliis sort may fail : first, because 
no water bearing stratum is reached ^ and secondly, becanse 
tbat stratum does not rise high enoagb'aboY& the place to bring 
the water to the surface. 

Inf, 3. These explorations have proved that subterranean 
streams of water exist : some of which have a communication 
with water at the surface. 

Exam. At St. Oaen in France, at the depth of 150 feet, the borer sud- 
denly fell a foot, and a stream of water rushed up. At Tours the water 
brought up from the depth of 374 feet, fine sand, vegetable matter, and 
shells of species living in the vicinity, which must have l>een carried to that 
depth withm a few months preceding. In Westphalia the water brought up 
several small fish, although no river existed at the surface within several 
leagues. The borings in the United States prove that cavities containing 
water exist even in granite. 

DepQn of the Borings. In England, Artesian wells have been carriied to 
the depth of 620 feet with success. In France, they have been sunk 800 
and even 1300 feet, and in one instance near Paris to 1800 feet before water 
was reached. In the United States, borings for salt water in the Western 
States, have been^carried as deep as 800 or 900 feet. In the cities of New 
York, Baltimore, Albany, and in various parts of New Jersey, &6. borings 
for fresh water have been carried, and in most instances with success, to the 
depth of nearly 400 feet, though water has usually been obtained at a much 
less depth. An excavation in the city of New York, 100 feet deep and 16 
feet diameter, yields 8000 gallons daily ; and that in Bleeker Street, 443 feet 
deep, yields 44.000 gallons daily. Am. Journal of Science, Vols. XII. p. 136, 
and XXIII. p.^. 

Rem. 1. Until recently these borings have been generally performed 
by means of a continuous iron- rod, sharpened like a drill at the lower 
end. But a &r more convenient and economical method, which has' 
lon^ been in use in China, has lately been adopted : viz. to use a heavy 
cylmder of iron in the same manner, by means of a rope attached to its 
upper end ; a borer with valves being connected with the lower end, fer 
bringing up the comminuted materials. BucklcmePs Bridgewater Treatise^ 
roll. p. 568. 

Rem, % Therifial Springs will be considered under the eighth section. 

Salt and other Mineral Springs. 

Descr. All waters found naturally in the earth, contain more 
or less of saline matter : but unless its quantity is so great as to 
render them unfit for common domestic purposes, they are not 
called mineral waters. 

Descr, The ingredients found in mineral waters, are the 
sulphates of ammonia, soda, lime, magnesia, alumina, iron, zinc, 
and copper : the nitrates of potassa, lime and magnesia : the 
chlorides of potassium, sodium^ barium, calcium, ma^esium, 
iron, and manganese ; the muriate of ammonia ; the carbonates 
of potassa, soda, ammonia, lime, magnesia, alumina, and iron: 
the silicate of iron ; silica, strontia, hthia, iodine, bromine, azid 
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omaic matter ; tlie phosphoric, flaorie, mttriatic, sulphurous, 
sulphuric, boracic, formic, acetic, carbonic, crenie, and apocrenic 
. acids ; iedso oxygen, nitrogen, hydrogen, sulphuretted hydrogen, 
and carbureted hydrogen, tfre^s Chemical Dictionary, Article, 
Water. See also Dr, Dauhenjfs admirable Report to tht British 
Association^ on Mineral and Thermal Waters, 1837, p. 14. 

Theory. Many of the above ingredients are taken up into a 
tate of solution from the strata through which the water per- 
colates : others are produced by the chemical changes going on 
in the earth, by the aid of water and internal heat ; and others 
are eyolved by the direct agency of volcanic heat 

Salt Springs. 

Descr. The most important mineral springs in an economi- 
cal point of view, are those which produce common salt. These 
are called salines, or rather such is the name of the regibn 
through which the springs issue. They occur in various parts 
of the world ; and the water is extensively evaporated to obtain 
table salt. They contain also other salts ; nearly the same in 
fact, as the ocean. 

Exam. Some of these springs contain less, but usually they contain 
more salt, than the waters oi the ocean. Some of the Cheshire springs in 
England yield 25 per cent. : whereas sea water rarely contains more than 4 
per cent. In the United States they contain from 10 to 20 per cent. They 
are used in New York, Ohio, Virginia, Pennsylvania, Illinois, Michigan, 
Missouri, Arkansas, and Upper Canada. 450 gallons of the water at Boon's 
Lick in Missouri, yield a bushel of salt : 300 gallons at Conemaugh, Penn. : 
•280 at Shawneetown, 111. : 120 at St. Catharine's, U. C. : 75 at Kenawha, 
Vir.: 80 at Grand River, Arkansas : 50 at Muskingum, Ohio: and 41 1o45 
at Onondaga, N. Y. : 350 gallons of sea water yield a bushel at Nantucket. 
In 1829, according to a Report of the Secretary of the Treasury, 3.804.229 
busheb of salt were made in the United States. Since that time the quan- 
tity has greatly increased. In 1841, no less than 3.340.769 bushels were 
made at the Onondaga Springs in New York alone ; and 3.000.000 bushels 
at the Kenawha Springs in Virginia, in 1835. In all these places deep 
borinffs are necessary, sometimes even as deep as lOOO feet : and usually the 
brine oecomes stronger the deeper the excavation. Professor Bec^s Gemogi' 
cal Report to the Ass&mbh/ of New York^ 1838. See also Prof. W. B. Rog^s 
Report of the Geological Reconnoissance of the State of Virginia^ 1836. Dr, 
HUdreth's first annual Geological Report to the Legidaiure of Ohio^ 1838 : 
Also his article on the Geology of Ohioy Am. Jourruu Science^ Vol. 29. Also 
Mr. Poster's Geological Repirrt on Ohio, 1839: and Dr. Houghton^s Report on 
the Cfeohgy of Michigan, 1838. 

Origin of Salt Springs. In many parts of* Europe salt springs are found 
. rising directly from beds of rock salt ; sp that their origin is certain : but as 
yet no deposits of rock salt have been discovered in this country east of the 
Rocky Mountains except in Vii^inia : and Mr. Eaton has suggested (iS'wr- 
vey of the Erie Canal Rocks, p. 110.) that the ingredients only for the forma- 
tion ai the salt exist in the saliferous rock, and are made to combine \sf 
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dMmiotl agoMaw, ta Uiaft the wit«r peioobtiiig tbmif li tfM flbtte woaid ^ 
eame impiegnated. An Enrikh writer (AmmU of Pmnofh^^ ^869,) rappoaet 
that the salt is mtimately auneminated throiiffh the salilbroiia roek, haTing 
been left there by the ocean that deposited the strata. Most Amenean ge- 
oloffista, howerer, still maintain that our salt springs preeeed from beds of 
lock aak, deposited so deep in the earth that they faiave not yet been dis- 
covered : ana the fact that the brine increases in strength by desoen&g. 
gives strong sapport to this theory, which is confirmed by the discovery ot 
rock salt in Virginia. Prof. Beclcs Report^ 1838, p. 14. The springs in this 
country issue almost invariably from the I^larian rocks. 

Gat Springi. 

Deser. Carbonic add and carbnreted hydrogen «i» the ntoet 
abundant gases given off by sj»ingSL They sometimes escape 
from the soil around the spring, orer a considerable extent of 
surface, and produce geologic^ changes of scmie importance. 
Carbonic acid, for example, has the power of disBolyittg calca- 
reous rocks, and of rendering oxide of iron soluble in water. It 
contributes powerfully also, to the decomposition of those rocks 
that contain felspar. Carbureted hydro^n is sometimes pro- 
duced so abundantly from springs, that it is employed, as at 
Fredonia in New York, in supplying a village with gas lights. 
In almoet all the States west ^ New England, this mis rises 
from springs in greater or less abundance, geomrally Irom salt 
springs. 

Origin of these gases. Some of these gases, as carbonic add, are given 
off most abundantly from springs in the vicini^ of volcanos ; and in sueh a 
case there can be no question but. they are pvoquced hj deeempositions from 
volcanic heat. When they proceed from thermal springs, thCTe is a goad 
deal of reason for believing that internal heat may have produced them. 
But where they rise from springs of the common temperature, they must 
generally be imputed to those chemical decompositions and reoompdsittons 
that often occur in the <earth without an elevated temperature. Although 
carbureted hydrogen may sometimes proceed from beds of coal, it may auo 
proceed from other forms of carbonaceous matter j as from bitumen dissemi- 
/Mted through the rocks. 

Glacio- Aqueous Agency between the Tertiary and Historic Pe- 
riods : formerly called Diluvial Action, 

^ Rem. That remarkable deposit occurring between the tertiary and allu- 
vial formations has generally been supposra to be the result of powerful 
currents of water, akhoagh the hypotheses founded upon this principle have 
been exceedingly unlike in their features. In the first edition of this work, 
I expressed the opinion that no theory hitherto proposed to explain the 
origin of this deporit, was satis&ctory ; and that the tune had not yet come 
for a complete theory on the subject. But the glacier theory has 'recently 
been so ably elucidated by Affassiz, Buckland, Lyell, aiid 'others, that it 
I at least extremely probable, thaX aH the phenomena of what has been 
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caM dilavMl mIioii, tie the renilC of the joint agency of ice and water. 
Thu is what is meant by the term, gladthoqtuous agency. In the sequel it 
will be fully explained. But in order to judge of the correctness of this view, 
the facts respecting drift should be first presented. Its lithological charac- 
ters have been almdy given. The remainder of the subject will embrace, 
1. its dispersioa : 2. its eflfects upon the earth's surface : 3. the theiMy of its 
origin. '^ 

1. Dispersion of Drift. 

Dtscr, Drift is distingaislied from tertiary deposits by three 
marks: 1. The tertiary strata were deposited in* limited troiighs 
and basins, whereas arift is found over ahnost every part of <• 
the northern regions of the globe, and at almost every altitude 
attained by mountains : and it has, therefore, been the result 
of some very general cause. 2. Such are the situation of the 
principal part of drift, and its ^neral unstratified character, 
that it could not have been deposited in its present situation by 
water : and yet the sand and clay that constitute its upper por- 
tion, must have been deposited in quiet waters. 3. Drift is al- 
most destitute of organic remains of animals and plants that 
lived durine the time of its production, whereas the reverse is 
the case wiui the tertiary strata. The upper and regular layers 
of drift are almost entirely destitute of organic remains. 4. 
When the tertiary strata were deposited, the climate of northern 
countries was warmer than at present ; but during the forma- 
tion of drift, it waff colder. 

Descr. ^ Drift is distinguished from alluvial deposits: 1. By 
its occurrence in situations where no agency at present in action 
could have -produced it. 2. By requiring if not a different 
a^ncy from any now in operation to produce drift, at least a 
greater intensity of action. 3. By the evidence of a great dif- 
ference of climate between the two periods. 

Descr. In the dispersion of drift we find the evidence of two 
distinct phases of action, which may however have been the re- 
sult of the same general cause, operating in different circum- 
stances. In the nrst case, the drift has been carried outward 
from the summits and axes of particular mountains, afid spread 
over the neighbouring plains. 

Exam. 1 . The best example of this mode of dispersion exists in the Alps. 
The Bowlders there have usually been carried down the valleys, and they 
exist in the greatest abundance opposite the lower opening of those valleys. 
This shows that the valleys existed when the dispersion to^ place. Yet £lie 
de Beaumont seems to have shown that the Alps have experienced very 
great vertical movements since that period. 

Exam. 2. Several similar instances have recently been pointed out by Dr. 
BuddMld and Mr. Lyell m existing among the mo^tMns of SootUuod and 
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* 
th« Doith of England, whew details cannot here be fpven. Procee d i ng s of 
the Gecl, Soc. Ltmd. No, 7% Nov. atU Dec. 1840. 

Exam. 3. Ro^ describes the plain of Metidja, south of Algiers, as cor- 
ered in its northern parts by bowlders derived from a long chain of lulls run- 
ning ^ong its northern border : while its southern part is strewed over by 
bowlders from the Atlas chain, which stretches along its southern border. 
Trcale EUmenUiire de GedogUy p. 2&9. 

Descr, In the second case, the agency by which drift has 
beeii dispersed, has operated on a more extended scale, and 
driven- it in a southerly direction over all the northern hemis- 
phere, often to a great distance. 

. Proof. ^ To begin with the American continent at the north- 
easterly point where observations to be depended upon have 
been made : we find that the bowlders spread over the southern 
part of Nova Scotia were derived, according to Sir Alexander 
Coke and Messrs. Jackson and Alger, from the ledges in the 
northern part of the province. Trans. Amer. Acad. Vol. 1. 
New Series, p. 302. Through the whole extent of Maine, the 
evidence is very striking of the southerly transport of the drift, 
the course being usually a few degrees east of south. And 
transported bowlders are even found towards the summit of 
Mount Katahdn, which is 5300 feet high. Dr. JacksorHs First 
and Second Reports on the Geology of Maine, 1837 and 1838. 
Also his Second Report on the Public Lands of Maine and Mas- 
sachusetts, p. 16. 

Descr. In Massachusetts, the direction, taken by the drift, 
as shown by a multitude of examples, varied from north and 
south to northwest and southeast ; the most usual course being 
jBi few degrees east of south. This course carried the current 
very obliquely across most of the precipitous ridges of moun- 
tains in the state ; nevertheless, the bowlders held on in the 
general direction with remarkable uniformity. The largest 
blocks usually lie nearest to the bed from which they were de- 
rived, and they continue to decrease in size and quantity, in a 
southeasterly direction, for the distance of several miles ; some- 
times as many as 50 or 60; and not unfrequently even 100 
miles, though usually the sea coast is reached short of that dis- 
tance. But often bowlders from the continent are common 
upon the islands many miles distant from the coast ; as on Nan- 
tucket, Martha's Vineyard, and Long Island. In the western 
part of Massachusetts the mountains are from 1000 to 3000 feet 
high : yet vast quantities of bowlders have been carried over 
these precipitous ridges, and both slopes are covered with them ; 
the largest being upon the northern side. Final report on the 
Geology of Massachv-setts, p. 379 ; See also Plate 53 of thai 
toork; where the course of the drift is marked. Also America^ 
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Biblical Repository, Vol 10. f. 338. On L(»ie Idand t1i« dn^ 
corresponds to the rocks on the continen#^ those of different 
kinds ftlways lying south of the ledges from which they were 
derived. Prof. Mather's first annual Report on the first Geo- 
logical District of New York, p. 88. 1837. In the eastern part 
of N. York, the course was soniheasterly ; as in the western 
part of Massachusetts. But towards the western parts of the 
State, its general course appears sometimes to have been west 
of south. Mr. Halts second annual Report on the Fourth Geo- 
logical District of New York, p, 308. In the southeasterly 
part of the state, bordering on Pennsylvania and New Jersey, 
its direction varied from south several degrees west, to south- 
east : and near the city of N. York the course was N. W. and 
S. E. American Journal of Science, Vol. 23. p, 243. And 
Vol. 16. p. 357. Also Prof Gale's Report for 1839 upon the 
Geology of the First District. In the fossiliferous region of 
western New York, and in the states south of the western lakes, - 
great numbers of bowlders of primitive rocks are strewed over 
tne surface, significantly called lost rocks. These have been 
satisfactorily traced to the beds from which they were derived 
in the west part of Michigan and on the north side of the lakes 
in Upper Cfanada. See the papers of the Messrs. Lapham in 
Vol. 22, and of Dr. Hildreth in Vol. 29 of American Journal 
of Science. Also the Geological Reports on the state of Ohio 
and Michigan. Similar evidence of a southeasterly drift exists 
in Virginia. Prof. W. Rogers's Report on the Geological Re- 
connoissance of the State of Virginia, p. 16. According to Dr. 
. Drake, primitive pebbles occur on the right bank of the Missis- 
sippi as far south as Natchez. American Journal of Science, 
Vol. 22, p. 209. 

Descr. According to Mr. Catlin, {American Jour, of Science, 
Vol. 38, p. 143.) vast quantities of bowlders of primary rocks 
" are strewed over the great valley of the Missouri and Missis- 
sippi, from the Yellow stone almost to the Gulf of Mexico," 
which have been drifted thither from the northwest. At the 
Red Pipe Stone quarry on the Coteau des Prairies, which is 
several hundred miles west of Lake Superior, he describes five 
granite boT^lders, from 15 to 25 feet in diameter, which he sup- 
poses must have been drifted several hundred miles from the 
north. 

Descr, The distance to which bowlders have been driven 
southeasterly from their native beds in our country, has not 
been very satisfactorily determined. In New England they 
have been traced rarely more than 100 to 200 miles : But in 
the western states they are strewed over a greater distance. I 
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am informed by. the gentleman engaged in the geological sttr* 
▼eys of those states, that primary bowlders are rarely found 
south of the river Ohio; out they are strewed over almost 
every part of Ohio and Michigan. Now the primary rocks 
from which they have been derived, are found on the north side 
of the great lakes. This would make their longest transit be- 
tween 400 and 600 miles. 

Htm. It may poisiUy be found thai aome examples of the dkpenioii of 
drift in our countiy have been down the slopes of particular mountains, or 
that the general course has been sreatly deflected by the peculiar features of 
the surface. But this would not destroy the evidence, which is almost every- 
where so abundant, of a very wide ana powerful force from the north over 
this continent. 

Descr. On the eastern continent the Evidences of a southerly 
direction of the forc6 seems to be decided : although from some 
of the highest mountains it was outward from the axis. In 
Great Britain the general course was a little east of south, modi- 
fied, however, and sometimes very much changed, by the shape 
of the mountains ; some of which, as the Penme chain, appear 
not to have been passed over by the bowlders, except at tneir 
lowest points. In the east part of England, the drift appears 
to have been derived from Scotland, and also from Norway. 
*De La BeMs Manual^ p. 189. Phillip^ s Geology ^ p. 208. 
Also his Treatise on Geology ; Vol. 1. p, 274. On the con- 
tinent of Europe, the Netherlands, Denmark, the plains of the 
north of Germany, of Poland, and Russia, are strewed over with 
bowlders and pebbles, which can be traced to the parent rocks 
in Sweden, Lapland, and Fihland ; in which countries they are 
yet more numerous upon the surface. In most cases these 
Dowlders must have crossed the Baltic. In Sweden the current 
appears to have set S. S. W. The blocks decrease in size on 
gomg south, and finally at a great distance (more than 400 
miles, GreenouglCs Geology, p. 138.) they disappear. Tableau 
des Terrains par Al, Brongniart, p. 77. Traiie Elementaire 
de Geologie par M. Rozet, Tome, 1. p. 270. De La Beckers 
Manual^ p. 189. 

Descr. An interesting example of the dispersion of bowlders 
jn a southerly direction in Northern Syria, is given by Mr. 
Beadle. American Missionary in that country. On the coast, 60 
or 70 miles north of Beyroot, he " reached a volcanic region with 
a remarkable locality bf greenstone. The pebbles from this lo- 
cality are scattered the whole distance to Beyroot. At that 
place they are quite small, but gradually increase in size as you 
advance to the north, and terminate entirely in this locality." 
Missionary Herald for May 1 84 1 , ;?. 206. This is an important 
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fmct ; because it proves the occurrence of glacio-aqueous action 
on the Asiatic continent much farther south (about 32° N. lat.) 
than had been before pointed out ; unless it be upon the Him- 
alayah Mountains. 

. Descr. According to Mr. Darwin, the equatorial regions of 
South America exhibit but few marks of glacio-aqueous action, 
or rather they are destitute of bowlders. But beyond 4 1 ^ South 
latitude, they appear in Chili and Patagonia. Hence some 
geologists (Lyell and Darwin, see LyelVs Elements^) infer that 
Uie phenomena of drift are limited to the colder regions of the 
globe. But De La Beche describes drift as abundant in Jamaica 
m the West Indies ; especially on the plain arOund Kingston ; 
and says that h, appears to have been brought from the north. 
Geological Trans. Second Series, Vol. 7. p. 182. A similar 
statement was made to me by the late Prof Hovey, who resided 
two years in the West Indies. Prof Struder states that in the 
hill country at the foot of the Himalayah mountains in India, 
erratic bowlders occur. American Journal of Science^ Vol, 36. 
p. 330. We have also seen above, that similar phenomena oc- 
cur in Africa, near Mount Atlas, in N. latitude about 32° : 
Probably therefore, the warmer regions of the globe have not 
yet been examined extensively enough to determine how near 
the equator it occurs. 

2. Effects of Glacio-aqueous Action v/pon the Earth! s Surface. . 

Descr, The xrests and steep sides of high mountains and 
alluvial plains are nearly all the parts of the northern hemis- 
phere not covered with a coat of bowlders, gravel, and sand ; 
whose thickness varies from a few inches, to 100 or 200 feet. 
Scarcely any mountains, indeed, except perhaps the Pyrenees, 
the Appenines, the Carpathians and the mountains of Bohemia 
(Traite de Geologie par M. Rozet, p, 272, Tome 1.) are wanting 
in drift ; and sometimes very large blocks are poised upon their 
"summits. - 

Ancient Moraines, 

Descr. The most abundant accumulations of drift are found 
in hilly regions, chiefly, however, in the valleys, and especially 
near gorges and defiles. This detritus in such places usually 
consists of rounded bowlders, pebbles, and sand, and even mud, 
piled up in ridges, straight, curved, and tortuous, and some- 
times in regular tumuli. These correspond almost precisely to 
the moraines of the Alps, except that they are often on a much 
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larger scale and more altered in shape by subsequent alluvial 
agencies. 

Rem. In this work the term moraine \nc]udeB those accumulations of de- 
tritus produced by the grating of icebergs along the bottom of an ocean, or 
any body of water, as well as those formed by common glaciers. 

lUvs. Prof Agassiz, Dr. Buckland and Mr. Lyell, have recently pointed 
out numerous examples of ancient moraines and correspondent stnae upon 
the rocks, in Scotland and the North of England ; and since they are familiar 
with the moraines of existing glaciers in the Alps, we can hardly suppose 
them mistaken respecting those in Great Britain. Proceed. Oeol. Soc. Lond, 
No. 72.— 1840— 1841. 

lUus. In New England these accumulations are very common, and 
sometimes they are so crowded together as to exhibit a picturesque ap- 
pearance, bein^ made up of tortuous and conical elevations with deep 
intervening cavities, as if scooped out by the hands of a Titan. The most 
remarkable examples that I have ever seen, are in the vicinity of Plymouth 
in Massachusetts, and near the extremity of Cape Cod in Truro, where 
they are sometimes 200 or 300 feet high. In Truro they are composed 
wholly of sand, and they give a singular aspect to the landscape. Fig. 99, 
represents a small portion of the sor&ce near what is called the Harbour in 
Truro. 

Fig. 99. 




Jttorotfttt tn TruTOt 



Descr. In Plymouth and Barnstable counties these moraines 
are distant from 50 to 1 00 miles from any mountains much 
more elevated than themselves. 

Fig. 100, exhibits a similar group of moraines, though much less ele- 
vated, in the east part of Amherst, about two miles from the Coll^. 
These are made up entirely of gravel and sand, with perhaps a &w 
bowlders. 
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Rem, 1. Before the Rev. Juntin PerkiiM, now Amencan MiMionar^ at 
Ooroomiah in Peiaia, 1^ this country, I showed him the moraines exhibited 
on the above figure, and requested mm to notice whether any similar ap- 
pearances exist m central Asia, especially in Armenia. In a letter reoeiyed 
nom him after he had passed through that country, he says, that before he 
reached Mount Ararat, and on the vast plain on its north side, " we passed 
many sections of diluvium much like the one we yisited back of Amherst.'' 
Being now (March 1842,^ on a visit to this country, he informs me, on the 
author^ of Rev. Mr. Jonnson, American IVfissionary at Trelirond, on the 
Black ^ea, that such moraines are common in Cilicia jn Asia Mipor. 

Rem, 2. In the above cases we may be sure that these moraines remain 
almost exactly as they were left shy the ice : for it is impossible that water 
could have subsequently altered their form essentially : ror the cavities be- 
tween the elevations are not valleys, through which water may have flowed, 
but irregular dq;ires8ions. 

De$ar. In the two following eases the round-topped tumuli of gravel may 
be onfy the renmaats of a fimner lateral moraine, intersected by streams 
fram the mountain. Fig. 101, shows a row of tumuli, some of them 100 
ftet high, a little south of the village of North Adams in Massachusetts, at 
the fiwt of Hoosac Mountain. 




Moraine : N. Adamt, 
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IBus, A limiUr group of moniiies, but less conical, is shown on f^. 
102, as they appear at the east part of Monum^t Mountain, in Berkshire 
County, Massachusetts. 

Fig. 102. 



Moraines; Monument Mt. 

Rem, 1. In the Biblical Researches ofHobinson and Smith, tumuli similar 
to the above are described as existing near Jericho, on the West side of the 
river Jordan, not far from its mouth. I requested Dr. Robinson, on a re- 
cent visit to Amherst, to go to the spot in that town represented on Fig. 100: 
and he answers me that the materials are the same in the tumuli near Jeri- 
~ cho as in the moraines in Amherst ; but that the former are insulated and 
conical. Researches, Vol, 2. p. 284, 297, 298. 

Rem. 2. I do not find any description of such moraines as are figured 
above in Agassiz's work on the Glaciers of the Alps. But Dr. Buckland 
says that they occur there, and there can be no doubt but what he describes 
as ancient moraines in Scotland, are identical wifh those accumulations of 
gravel in this country thus denominated above. Indeed, it is impossible to 
explain their existence by the action of currents of water alone ; and ice is 
the only other known agent that could produce them. 

Descr. Sometimes these moraines constitute ridges of con- 
siderable height, which extend a long distance with steep side/i. 
The most remarkable examples which I have. met with, occur 
about one mile west of the Theological Seminary in Andover, 
Mass. In company with Rev. Alonzo Gray of the Teacher^s 
Seminary in that place, I recently (April, 1842,) traced one of 
these, called the Indian Ridge, nearly two miles. It is con- 
siderahly tortuous, and in some places is interrupted for several 
rods. Mr. Gray informs me that he has found other ridges 
parallel to this. One exists, also, near the village of South 
Reding, ten miles from Boston. But an accurate description 
of these most interesting examples cannot be given in this place. 

Descr. When moraines have been cut through and worn 
down by the action of streams of water, the detritus becooiBf 

17* 
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waow or less stratified by tke sorting of the matenAls. Saeh 
accumulations are called the detritus of moraines, and they are 
not uncommon in this country. 

lUus. Fig. 103, show8 a clifT of this sort on the banks of Connecticttt 
river near Cobb's ferry in Montague, in Massachusetts, about 4 rods long and 
20 feet hiffh. Not only have We here stratification, but that oblioue lamina- 
tion which is the result of deposition from water upon a steep slope. The 
materials are sand and gravel 

Fig. 103. 




Fig. 104, shows a case developed in Palmer, Massachusetts, by the exca- 
iration of the western rail road. The bank is 20 rods long and 50 feet high ; 
and although most of the cliff is gravel, sand, and coarse bowlders, yet in 
the midst are deposits of fine blue clay. Some part of the gravel is also strati- 
fied, with a dip of 25^. I suspect that in this case the hul was moved by a 
mail of ice after the clay was deposited. 

Pig. 104. 




Section in Drift: Palmer. 



Inf. There is reason to suspect that some of those mounds 
in our Western States that have been regarded as the work o£ 
nan, are coaiical moraines, or the detritus of moxaines. Wa 
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Lave testimony that they are sometimes stratified, and that they 
are too large and numerous to be all artificial, although artificial 
mounds do undoubtedly exist there. Illinois Magazine, VoL 
2. p. 252. Am. Jour. Sci. Vol, 34. p. 88. 

Descr. Frequently the surface is almost entirely covered for 
many square miles with large transported blocks of stone, which 
are but little rounded. These were most probably transported 
on icebergs* 

lUus. Oi^e can hardly pass oyer any of the hilly parts of New England 
without meeting with, more or less of these hloclu. Perhaps the weet 
part of Cape Ann in Massachusetts, exhibits them in as great abundance 
as any place. Fig. 105, will give some idea of a landscape near Squam in 
Gloucester. 



Fig. 105. 




VietD in CRowxeter^ Mbm. 



Descr, The size of single bowlders is sometimes enormous. 
The block out of which was hewn a pedestal for the statue of 
Peter the Gnsat, weighed 1 500 tons. The Needle Mountain in 
Dauphiny, said to be a bowlder, is 1000 paces in circumference 
at the bottom, and 2000 at the top. Near Neufchatel is a block 
of granite 40 feet high, 50 feet long, and 20 broad, which wBighs 
3.800.000 pounds. The block called Pierre a Martin, contains 
10.296 cubic feet. GreenougKs Geology^ p. 131. The rock 
in Horeb, from jvhich according to monkish tradition, Moses 
miraculously drew water, is a block of granite, 6 yards square, 
and contains 5823 cubic feet, lying in the plain near Mount 
Sinai, from which it was probably detached. This however 
ha* not probably been removed except by gravity. Qreenough^ 
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p. 127. In this country bowlders occnr of equal dimensions. 
Thus, on Cape Ann ^nd its vicinity, I have not nnfrequently 
met with blocks of syenite not less than 30 feet in diameter ; 
and in the southeast part of Bradford, I noticed one 30 feet 
square ; which contains 27.000 <;ubic feet, and weighs not less 
than 2310 tons. In the west part of Sandwich on Cape Cod, 
I have seen many bowlders of granitic eneiss, 20 feet in diame- 
ter, which contain 8.000 cubic feet and weigh as much as 680 
tons. Two graywacke bowlders of the same size lie a few rods 
distant from the meeting house in Norton, in Dr. Bates^s gar- 
den. A granite bowlder of equal dimensions lies about half a 
mile southeast of the meeting house in Warwick ; and one of 
similar dimensions lies on the western slope of Hoosac mountain 
in the northeast part of Adams, at least 1000 feet above the 
valley over which it must have been transported. One of 
granite lies at the foot of the clijQTs at Gay H!ead on Martha's 
Vineyard, which is 90 feet in circumference and weighs 1447 
tons. In Winchester, New Hamphire, I recently met with a 
block of granite 96 feet in circumterence. It is- near the road 
leading to Richmond. I noticed another in Antrim in that state 
150 feet in horizontal circumference. Finally, at Fall River is 
a bowlder of conglomerate, which originally weighed 5400 tons 
or 10.800.000 pounds. ^ - 

Descr. Glacio-aqueous action appears to have destroyed 
numerous species of animals that inhabited the northern regions 
of the globe at the time of its occurrence. 

Proof. In accumulations of drift in the northern hemisphere, have 
been found the bones of several species of mastodon, hippopotamus, 
rhinoceros, bear, as well as the mammoth or elephant, megatherium, 
megalonyx, hysna, deer, dinotherium, horse, ox, &c. animals of whose 
existence since that event we have no evidence. Not less than 100 
species have already been found in drift, although not more than half are 
extinct. 

Infi A sudden fall of temperature took place in the northern 
hemisphere at the period of glacial action. 

Proof. The animals whose remains are found in drift are mostly such 
as hve' in tropical climates ; which shows that a higher temperature than 
now exists in these countries, prevailed at the commencehient of gladaT 
actioy. And that the change was sudden, appears from the occurrence 
of elephants and rhinoceros undecayed in the frozen mud of Siberia : ht 
they must have been encased suddenly in ice to prevent their putre&c- 
tioo. 

Smoothed^ Striated, and Farrowed Rocks in Place, 

Descr. One of the most remarkable effects of glacial action, 
is the smoothing, rounding, scratching and furrowing of the 
surface of rocks in place. 
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Rem, L Although thb is a very common phenoiMB», espvcAHy in Hie 
United Stetes, yet until within a few years, scarcely any example had 
been poimed oat by geologists : a proof of the Mttio careful attention that had 
been given to the phenomena of dn(t The following examples are only 
a selected few, out of the multitudes which have been observed in this 
country. 

Rem. 3. Care most be taken by the observer, not to confeund these 
ferrows and strie with those grooves on the surface of rocks produoed 
in the direction - of the cleavage planes^ or the planes ^ stratafioalion, 
by the unequal disentegration of the harder and softer paits ; nor with 
the furrows between the veins of segregation, produced in the eame man- 
ner ; nor with ripple marks. In fine, it is best not to consider any case as 
of decided glacial origin, unless the grooves cress the planes of elea*f age 
and stmtification at a considerable angle. Such are all the cases mentioned 
below. 

Exam. In the ststo of Maine is a good deal of skty rock, often stand- 
ing upon itM edgtBj that admirably nsists atmospheric agencies : and heace 
it Bvesents a multitude of examples. of well marked stria. Around the i^ 
of Portland, they are very abundant and very distinct^ having a direction 
N. 10® to 15^ W. and S. 10^ to 15^ £. Farther east as at Hope and At»- 
pleton, they run nearly N.W. and S.E. and some of them are a fbot in 
depth, and sik inches veide. FHnt Report on the Oeobfgf of Mcdne^ p. 57. In 
ether parts of the State, die direction is nearly north and south, or even in- 
ctrning a few degrees to the N.E. and S.W. Second Report on ike Gmitfy 
of Maint^ p. 91. In the eastern part of Massachusetts and Rhode Iskndj I 
Bright tiame fifty places where the stria are obvious and distant. In Esssx 
County, Mass. they are very frequent <m the hard syenite locke : though oden 
these are merely smoothed, and sometimes afanoet poiished. They are visible 
on the gneiss at the top of the Waehusett mountain, the highest in the 
eastern part of Massachussetts ; being 9000 feet above the ooean. The pte* 
cipitous hiUs and the low^ groundis of the valley of Connecfieot river, we 
covered with them ; and here as weH as in nearly all the eastern part of the 
state, t^«r direction is nearly north and south, usuallv however -inefininff a 
few degrees to the East of South, aiid West of North, and ^ry rarely fne 
other way. The hi^h mountains west of Connecticut river, embracing the 
Hoosac and Taconic ranges, some points of which rise 3500 feet above the 
ocean, exhibit very numerous examples of the smoothing and furrowing 
effect of this supposed glacial agency. Graylock, the highest point in Massa- 
chusetts, is so covered with soifand trees, that the rocks aie vevy rarely seen : 
but on that spur of the mountain called Bald Mountain, whose top is a few 
hundred feet below Graylock, the scratches are obvious, as they are also on 
the northeast side of the mountain. The high conical mountainln Uie town 
of Mount Washington, (called Mt. Everett,) which is 2600 feet above the 
ooean, has been worn over its whole sur&ce, and the stria are still visible in 
many places ; although the rock has been so long exposed naked to atmos- 
phenc decomposing agencies. Similar markings are manifest on the top of 
Tom Ball, a high mountain in Alferd, and they may be seen throughout the 
whole extent of the Taconic range, which on its west side is very precipitous. 
A large proportion of these grooves run N.W. and S.£l. but some of them 
approach nearer to a coincidence with the meridian. The rock is mica and 
talcose slate, and in some instances is laid bare for a great distance, so as to 
show the smoothing and furrowing of its surface over a large extent. In- 
deed, one cannot stand upon these lofly and precipitous ridges, and witness 
'this phenomenon, without being struck with the great power ^and extfent of ' 
the aoency that has thus left its traces upon some of the most elevated epMi 
in N. £ikglaod.~~Between these mountains axid Hudson river the graywadka 
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k eroMwd by markiiiffs ninnmg N. W. and S. E. Near the dtj of New 
Yorii, aocoramg to Prof. Gmle, they run in the tame direction. In the 
western part of New York, they are numerous, and they ran sometimes S. 
S. W. iad N. N. R '^^^I ''^ common also, upon the mountains of 
Pennsylvania ; and also in Ohio, Michigan and Hhnois, where their most 
usual course is from N. W. to S. £. 

The hard gray limestone in the vicinity of Rochester and Buffalo in New 
York, and on the banks of the St. Law^nce, as well as in Ohio, is often 
smoothed and polished by this agency almost like marble. Am. Jour. 
Science, Vol. X20CVII, p. 240. and V<d. XXXV, p. 191. Abo Reports on 
thM New York Geological Suroey. 

Mount Monadnoc in New Hampshire, 3250 ieet high, is little else than 
a naked mass of mica slate of a peculiar character, alqoost destitute of strati- 
fication. And from top to bottom it has been scarified on its northern and 
western sides. On its lower parts, especially on the southwest side, the 
■trie run about N. W. and S. £. by the magnetic needle ; as they do in the 
country around the mountain ; but when we approach its top, the course 
changes to N. 10<^ W. and S. 10^ E. Other stris are seen here on steeper 
slopes, both northern and southern, than 1 have ibuftd elsewhere. Deep 
AiiTows are also met with here, and some other peculiar phenomena con* 
nected with glacial action^hich will be described farther on. 

In a recent visit to the White Mountains of New Hampshire, I have dis- 
covered an example of stris with other glacio-aqueous phenomena, at the 
height of nearly 5000 feet above the ocean, on the southern slope of Mount 
Pleasant, nearly at the highest point, indeed, where there is any rocks in 
l^ace ; all the peaks being broken into a multitude of fragments by frost 
These strie run N. 30° W. and S. 30° E. 

Fig. 106, will convey some idea of a sur&ce of rock which has been 
■moolhed and striated m the manner that has been described. The lines 
running in the direction a a, show the divisions of the strata : those run- 
ning in the direction b b, show the stris, whkh are perfectly parallel to one 
anoiher. This figure was copied from a rock of gneiss in BiUerica in Massa- 
chusetts, on the turnmke from Boston to Lowell, near the sixteenth mile- 
stone from Boston. Thousands of similar examples may be seen in New 
England. 



Fig. 106. 




DescT. Sometimes we find two or more sets of striae crossing 
one another at a small angle, the lines of each set preserying 
their parallelism very perfectly. Fig. 107, shows one of these 
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eases eopied fwai mica slate near the crest of Monadnoc, seTcral 
hundred feet below the summit. The two sets intersect at an 
angle of 10^. An interesting example is also described by Prof 
Locke, with a drawing as occurring in the S. W. part of Ohio, 
where the striae was 3.26° E. and N. 26° W. Second Report 
on the Geology of Ohio. p. 230. 

Descr. On the e&stern continent these striffi and furrows appear to be 
less common than in this country ; for notwithstanding the great ability and 
zeal displayed by European geologists, only a few cases of such markings 
have yet been recorded. In Scotland however, they were noticed long ago, 
by Sir James Hall, on greenstone and other rocks, having a direction N. W. 
and S. E. A similar case is mentioned in North Wales, and in the Brora 
coal region of Scotland, where they run N. N. W. and S. S. E. Dr. Buck- 
land has recently pointed out several examples in that country, which he 
supposes resulted from the descent of ancient glaciers from the mountains. 
Their general course is N. N. E. and S. S. W. " Monsieur Sefstrom," says 
the distinguished Berzelius, "has found that the northeast parts of the moun- 
tains of Sweden, are, throughout rounded and worn from the base to the 
summit, so as to resemble at a distance, sacks of wool piled upoii each other. 
The southwest sides of these mountains present almost fresh fractures of the 
rocks with their angles rounded little or none." Still further east in Northern 
Russia, the striie have a direction N. W. and S. E. or N. N. W. and S. S. E. 
corresponding to the course taken by the bowlders ; and in one instance these 
bowlders have been traced to their native bed 600 miles distant. Murchison 
and Vemeuil on the Geological Structure of the Northern and Central Regiont 
of Russia in Europe^ p. 13. Lond. 1841. 

Fig. 107. 
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Deur. A eaief ul examination of the moantains of New En;^ 
land shows that their northern and northwestern sides, Hke those 
in Sweden, are worn and rounded throughout. An interesting 
example is Monadnoc in New Hampshire ; which is the more 
striking, because it is mostly naked rock. The surface of the 
mountain is very uneven ; but the protuberances are nearly all 
rounded, and few are left angular, except on the south eastern 
side. The axis of the intervening hollows usually corresponds 
nearly to the direction of the striae ; so that the surface appears 
like the swell of the ocean after a storm. Seen in a certain 
direction these swells appear like domes. Fig. 108, will give 
some idea of a spot on the southwest part of this mountain, 
about 5 rods square. So far as I can judge from the descrip- 
tions and drawings of Agassiz, this appearance corresponds pre- 
cisely with that m the Alps denominated by Saussure, roches 
mouionnees, produced by glaciers. 
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Detar, The rammit of Mount Holyc^e in Maflsaehnfettg, which h«i 
been very much abraded by (he agency under consideration, lometimei pre- 
aehts insulated hummocks of greenstone, resembling the " sacks of wool" 
described by Se&troom, as shown in Fig. 110. 



Fig. 110. 




Bummock (m Hchfokt, 



Descr, Sometimes instead of strise, we find the summit of a 
mountain ploughed into deep furrows, which enlarge so as to 
form deep paraUel valleys. 

Eocam. The most remarkable example of this kind that I know of, is 
the summit of Mount Holyoke, mentioned above. This is a narrow very 
precipitous ridge of greenstone, rising 700 or 800 feet above the valley of 
the Connecticut, and lying in the curvilinear direction shown on Fig. Ill, 
where the line N S, represents the meridian, and corresponds to the direc- 
tion taken there by the drift, which struck the mountain from the north. 
On that side the mountain is a nearly perpendicular wall of rock. Yet the 
summit is intersected by numerous grooves and valleys in the direction of 
the lines A, A, A, A, N S, from a few inches to several hundred feet deep. 
And not only do we see the marks of abrasion in the bottoms and on the 
sides of these valleys, but the fact that they preserve their parallelism so per- 
fectly, although the mountain curves so much, shows that they were pro- 
duced by some abrading agency rather than by the original structure or ele- 
vation of the mountain. For had they resulted from the latter causes, we 
might expect them to change their course to the lines B, B, B, as the moun- 
tain contmued to curve more and more. 
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Pig. 111. 




jff^ 1. These furrows and valleys must be imputed to the 
joint action of ice and water. If water alone were concerned, 
the valleys could not have so nearly preserved their parallelism. 
Indeed, unless the l&^ge valley around the mountain had been 
filled with ice, it is dimcult to see how streams of water could 
have flowed over its summit so as to produce these valleys. Ice 
alone, moving over the top, might have begun the work, (and 
this would explain the parallelism of the valleys,) but could not 
have made so deep erosions without wearing down the inter- 
vening ridges. Moreover, these furrows and valleys correspond 
well to the joint action of glaciers and water in the Alps, and 
thrae they are called lapiaz or lapiz» See Etudes Sur les 
, Glaciers, 

Inf. 2. It appears that in all cases the strise, furrows and 
valleys, that have been described upon the surface of rocks, cor- 
respond in direction to the course taken by the drift, and thus 
the two classes of phenomena are proved to have resulted from 
the same general cause. 

Descr. The striae are rarely met with on pure limestone, 
on account of its great liability to disintegration. Most of the 
coarse granites and conglomerates, as well as gneiss, are so 
much decomposed at the surface, as to have lost all traces of 
these markings. Greenstone, syenite, and porphyry, are fre- 

Siuently rounded and smoothed ; but the markings are usually 
aint on account of their great hardness. Upon the whole, the 
upturned and smoothed ledges of talcose, micaceous, and ar- 
gillaceous slates, retain these markings most distinctly. But 
where the soil has been removed, almost every rock presents 
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tliem to view. And were the rocks of N. England to be en- 
tirely laid bare, I cannot doubt but a third of the surface would 
show marks of this scarification. 

Transport of Drift from Lower to Higher Levels. 

PrifL In some instances the drift has been transported from 
ower to higher levels. 

Proof 1. On the 'northern slopes of moantains the stris not unfre- 
quently pass from the top to the bottom without essentialW changing their 
parallelism. This is the case on Mount Monadnoc in New I^iiipshire, 
where the smoothed and striated surface .is sometimes inclined northerly as 
much as 5(P or 60^. In this case the angular rocks are rounded on the 
northern but not on the southern slope, except slightly ; and this shows thai 
the work was done by an ascending and not a descending body. Near the 
summit of that mountain, however, stris are seen on quite steep southerly 
slopes. But this is an unusual case.^ On the west side of Taconic and 
Hoosac mountains in Massachusetts, the stris may be seen sometimes, com- 
mencing several hundred feet below the top : and all the drift in that region 
has been carried southeasterly ; which proves the force producing the abrar 
sion to have been upwards. Final Report on the Geclogy of Massarhusetts, 
Vol. 3, p. 393. A similar case occurs in Russia. Murchison and Vemeuu 
on the Oeol. of Russia, p. 13. 3. Bbwlders are found transferred from a 
k>wer to a higher level. For example : the quartz rock of Berkshire county 
has beeii strewed all over the top of Hoosac mountain, which must be al 
least several hundred feet above any ledge of quartz, from which the bowl- 
ders could have been derived : and the Silurian rocks of New York have 
been carried over Taconic mountain and lodged upon the Highlands in New 
York, as well as upon Hoosac mountain. 

Lakes prodticed by Moraines. 

Descr. The great accumulation of drift which took place 
near the gorges of valleys, produced extensive lakes, which were 
filled with water upon the melting of the ice, and in whose bot- 
toms thick deposits of clay and sand were frequently made above 
the body of tne drift, while the waters were gradually wearing 
away passages through the detritus. 

Proof. In all valleys of considerable size in the northern parts of the 
United States, such asjthose of. the Hudson, the Connecticut, the Penob- 
scot, &c., we find such deposit of clay above the drift ; and above the clay 
more or less of sand. These deposits must have been made in quiet 
waters, either during the glacial or the alluvial period ; and the fact 
that scarcely no organic remains are found in them except a few shells of 
a highly arctic character, makes it extremely probable that it took place 
during the glacial period. Similar deposits occur in the valley of the 
Rhine, which are there called loess, and are from 100 to 300 feet thick. 
I/ifeWs Prin. Geolog^y, Vol. 3. p. 289. In the county of SuflTolk, Eng- 
land, a deposit of similar clay exists, according to Rev. W. B. Ciark, 
sometimes 400 feet thick. Proceed. Idmdon Oeolog. Society^ No. 50, p, 
533. 

Inf. We see why there is such an insensible passage from 
glacio-aqueous into alluvial deposits. For the drainage of the 
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lakes podnced by the moraines, has been going gradually oh 
from tne time when the waters first made a breach through the 
drift to the present It is difficult, therefore, to say precisely 
where the glacial period terminated and the alluvial commenced, 
unless we nx it at the time when the present ifaces of organic 
beings were created. 

Inf. 2. We see the origin of the numerous small ponds that 
xist in regions abounding in moraines, as in Plymouth and 
Barnstable counties in Massachusetts. They occupy the de; 
pressions left between successive moraines. 

Ledges of Rocks fractured by Glacial Action. 

Descr. In two instances I have found the . pcrpendicalar strata of slaty 
rocks broken and partially knocked over, hear the summit of hills, to the 
depth of 10 or 15 feet, so as to pro<luce horizontal fissures of several inches 
wide ; and I cannot doubt but they are the result of glacial agency. Fig. 
112, vfiW give «in idea of one of these cases, in a quarry of clay slate, m 
Guilford, vt. In this instance the force which thus crushed the top or 
western slope of the hill, must have been directed towards the west. The 
other case is in Middlefield, in Massachusetts, in hornblende slate, and 
the spot is covered by 20 feet of drift. MticU Report on the Geol. Mass. p. 
396, Vol. 2. It was brought to light by an excavation for the western 
railroad. I presume similar cases may oe common, but they have not been 
described elsewhere. The force to produce such an effect must have been 
prodigious. 

Fig. 112. 




Fractured Ledges of Slate. 
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Theories of Drift 

Prin. Any theory of drift to be satisfactory, must explain 
tlie four following varieties of the phenomena: 1. Erratic 
Bowlders: 2. Common Drift: 3. Strise, Furrows and Valley*: 
4. Moraines. Sonie theories mieht satisfactorily explain par- 
ticular phases of the phenomena, but fail in their appucation to 
the entire group. 

Descr. In no part of geology haviB opinions been so unsettled and chang- 
ing, as in respect to the origin of drift and its attendant phenomena. Until 
recently, powerful currents of water have been regarded as the sole agent 
jconcerned. To account for their currents, it was a favorite theory with 
many, that a comet once impinged against the earth. Qealogie Pojmlaire^ 
par N. Boubee^ p. 46. Paris, 1833. But since it has been ascertained that 
comets have " no more solidity or coherence than a cloud of dust, or a wreath 
of smoke, through which the stars are visible, with no perceptible diminu- 
tion of their bri^tness," it is no longer necessary to give a formal refutation 
of this hjrpothesn. WketoeWs BridgeweUer Treatise , p. 152, 153, fast Ameri- 
can Edition. Another theory, very widely adopted, imputed these effects to 
the deluge of Noah. But it is now almost universally abandoned by geolo- 
gists, because -the remains of man have not been found in drift : because 
most of the animals found in it belong to extinct species : because the period 
occupied by the Noachian deluge was much too short ; and because the phe- 
nomena cannot be explained by water alone. Alike inadequate is the hy- 
pothesis which imputes these phenomena to the sudden elevation of conti- 
nents, or mountains, from the bottom of the ocean ; wherebv powerful waves 
rushed away from their axes ; and this finds now probably no supporters ; 
although such vertical movements may have modified the phenomena in par« 
ticular itegions. In short, every theory which imputes these effects to currents 
of water alone, has been abandoned by geologists ; and they now almost 
universally refer them to the conjoint action of water and ice. Three varie- 
ties of opinion as to the origin and mode of operation of these agents, exist 
among eminent geologists. The two first oi these theories may be called 
the Iceberg Theories: and the Iwrt, the Glacier Theory. 

First Theory, 

Descr. This theory imputes most of the phenomena of drift 
to icebergs, carried southerly by the currents of the ocean, while 
the continents, where drift occurs, were yet beneath the ocean. 
As they were gradually raised from the deep, the mountains, 
which would form islands, would send down glaciers to their 
shores, and thus masses of ice would be broken off to be floated 
away, loaded with detritus. In many places largjs bodies of 
water would remain after the ocean had retired, in which de- 
posits of clay and sand would take place. LyelVs Elements 
GeoL Vol. 1. Chap* X. and XL 

Proof 1. In high noithem and southern latitudes,the process which this 
theory assumes is (udly going on. Icebergs frequently transport towards the 
equator blocks of great soe, which are dropped unon the bottom of the 
ocean. Scoresby saw upon several icebergs m 70° N. latitude, m a n t e s of 
earth and rock weighing from 50.000 to 100.000 tons : and a deposit of drift 
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fai now Mtttally aoeomulating in the soathem hemiaphere, in latitudes no 
higher than Northern Itaiy^ Switzerland, and England. L^s Elements 
Ged. Vol. 1. p. 232 and 257. 2. There is evidence daily aocamalating of 
the existence of a much lower temperature in northern latitudes when the 
drift was depositing than is now Ibund in the same latitudes, and, therefore, 
glaciers mignt have existed in much lower latitudes than at present, and 
icebergs might have been carried nearer to the equator than they now are, 
hefore'melting. 

Oij. 1. The uniformity of direction taken by drift over all the northern 
part of Europe and America, and the rare occurrence of centres of dispersion 
are explained with difficulty by this theory. There has yet been discovered 
no mountain in North America from which detritus baja been scattered on 
different sides ; and the force was southeasterl;^ over the top of the White 
Mountains, the highest point, with one excepuon, east of the Mississippi. 
Nor have any such centres of dispersion been pointed out in the North of 
Europe. But if this theory be true, it is difficult to conceive why such 
mountains as the White Mountains, as they were raised from the ocean, 
should not have proved centres of diispersion. 2. Several facts, such as the 
transference of bowlders from lower to higher levels, and the smoothing and 
fiirrowing of the northern slopes of mountains even when quite steep, ag^ree 
better with the idea of the ocean's rising over the land than the land^s rising 
from the ocean. 3. It is certain, that the relative levels of the earth's surface 
have not essentially changed since the deposition of drift : that is, the same 
mountains and valleys which existed at that period exist now ; and, therefore, 
if our continents have experienced any vertical movements since, they must 
have been raised as a whole, by such an extremely slow movement as some 
legions are now experiencing. 4. But this would make the period of the 
formation of drift immensely remote : coeval indeed with the time when the 
highest granite mountains of northern countries were beneath the ocean. 
Whereas we know that the drift period occurred after the deposition of the 
most recent tertiary roeks. Now at that jj^riod we know that a large part 
of our continents,— all that was covered by rocks older than the tertiary, 
were above the waters. If we suppose these mountains to have sunk down 
•gain at the tertiary period, then tney must have been suddenly raised in 
order to have reached their present height so soon. But as just mentioned, 
the focts do not admit of sucn a sudden rising. 

Second Theory. 

Descr, This theory supposes tlie phenomena of drift to have 
resulted from the rise of large areas beneath the Arctic and An- 
tarctic oceans, whereby their waters have been driven southward, 
over a considerable part of Europe and America, bearing along 
masses of ice loaded with detritus. And further, that there may 
have been a succession of vertical movements, which produced 
successive waves; so that the waters may have repeatedly 
fallen and risen again, and while at their ebb, they may have 
bieen frozen to the surface, so that as they subsequently rose, 
vast masses of ice may have been driven alon^, loaded with de- 
tritus, which may have been forced up declivities considerably 
steep, and thus the surface have been powerfully and rapidly 
abraded, and the rocks scoured and furrowed. De La Bech/s 
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Geological Manual^ p, 172. Also Ms Theoretical Geology, p. 
319. Biblical Repository Vol. 11,;?. 23. 

Prnof 1. Jt is established, that in early times repeated upheavings of the 
bottom of the ocean have taken place; and at the present day, also, similar 
elevations occur . (ex. gr. Hotham or Graham Island in the Mediterranean, 
in 1831 : Sabrina, near the Azores, in 1811 ; and among the Aleutian Islands 
in 1814, an island, said to be 3U0O feet high :-^another in 180i», which is 

rsrmanent : and another in 1795. L/ycWs Prin. Geol. Vol. 2. p. 2S3, 2S6, 
18.) and in some instances, we are able to see the effects in the tremen<ioQs 
waves that follow; as during the earthquake at Lisbon in 1765. The force 
of. sucb waves, as they reached the shore, and successively rose higher and 
higher, were a large area of the northern ocean to be suddenly upraised, can 
scarcely be estimated; loaded as they would be with ice; and it seems al- 
most the only conceivable agency by which large bowlders could be foiled 
Up hills of considerable steepness, and deep grooves be formed on the north- 
em slopes of hilk in Swedien and America. 2. In the latter country cer- 
ta^ljr, if not in the former, it seems scarcely possible to doubt that the sur- 
face is essentially the same now as when this agency was exerted upon 
it ; except perhaps those few local minor and slow elevations and depres- 
sions of which probably every country furnishes some examples: and hence 
the source of this action must be sought out of the country. 3. We have 
evidence that volcanic avency, whereby large arras may have been up- 
lifted, has been very active in high northern and southern latitudes. 4. 
This theory explains the absence of animal and vegetable life, and the pre- 
' eence of vast masses of ice in comparatively low latitudes during the glacio- 
aqueous period. 

Obj. I. It is difficult to conceive h^ these vertical movements around 
the poles, should have produced floods of such vast extent and magnitude, as 
to inundate with water and ice, certainly all the northern, and probably also 
all the southern parts of the e^lobe, as far at least as the 40th degree of lati- 
tude. 2. The action by which drift was accumulated, bowlders transported, 
and rocks furrowed, must have been long continued; whereas any vertical 
movement around the poles, sudden enough to produce such deluges, must 
have been comparatively transient in its effects. 3. If the waters thus 
thrown over existing continents southward did not return to the polar re- 
gions, what has become of them 1 If they did return, as the elevated por- 
tions subaded, why have they not left traces of their northerly currents on 
the land 1{ 

The Gla^iier Theory. 

Descr, The history of glaciers, which has been given in the 
first part of this section, &rms the groundwork of the glacier 
theory. It supposes that at the close of the tertiary period, a 
sudden reduction took place in the temperature of the surface 
of the globe, whereby ful organic life was destroyed ; and in 
high latitudes at least, glaciers were formed on mountains of 
moderate altitude ; indeed, that vast sheets of ice were spread 
over almost the entire surface, extending south as far as the 
phenomena of drift have been observed. The northern regions, 
•specially around the poles, are supposed to have formed one 
vast Mer de Glace, which sent out its enormous glaciers in a 
southerly direction by the force of expansion ; and the advance 
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and retreat of these elaciezs, accumulated tKe moraines and pro- 
duced the strias and embossed appearance (roches mautonnees) 
upon the rocks. When the temperature was raised, the melting 
of the immense sheet of ice produced vast currents of water, 
which would lift up and bear along huge icebergs loaded with 
detritus, and thus scatter bowlders over wide surfaces. The 
blocking up of the gorges by moraines, would form lakes and 
ponds, in which clay and sand, such as now lie above the drift, 
might have been deposited, and afterwards the barriers of these 
lakes, consisting of loose matter, may have been cut through, 
and the waters gradually drained off, and assumed their present 
levels. In some parts of the world the elevation of mountains, 
as the Alps for instance, during the same period, might have in- 
creased the effects that have been described. 

Proof. 1. The perfectly preserved elephants and rhinoceros of Siberia in 
frozen mud, show tnat the change of climate thero mast have been very sud- 
den from^ quite warm to intense coM. 2. The general absence of organic 
remains in the clay and sand lying above the dnfl, makes it probable that 
during their deposition the climate was too cold to favor the existence of ani- 
mals and plants, while the highly arctic character of the few species of shells 
that have been found in these deposits in New York, Canada, Scotland, 
Sweden, and Russia, confirms this conclusion. 3. The hiistoryof theefiipots 
of glaciers is the history of the phenomena of drifl in miniature. In the first 
place, the moraines of glaciers cornpspond to the accumulations of drift that 
are so common in northern regions. The latter are, indeed, somewhat modi- 
fied, partly by subsequent aqueous agency, and [)artly by a somewhat differ- 
ent mode of production ; so that the distinct varieties of moraines accompa- 
nying glaciers are not always to be distinguished. Secondly, the smoothing, 
rounding, and polishing of the rocks, are the same beneath the glaciers as 
over the whole northern hemisphere. Thirdly, tbe parallel strie upon their 
surfaces are perfectly explained by the passage of ice over them in unbroken 
sheets, with angular fragments fixed into their lower sur&ce. Fourthly, tbs 
parallel furrows and vidleys produced by the agency under consideration, 
upon the crests and sides of steep mountains are ver^ analagous to those be- 
neath the glaciers, the result of the joint action of ice and water. Fiflfaly, 
this same joint action may have transported bowlders to ^eat distances and 
lodged them upon precipitous ridges and on sandy plains. Finally, these 
effects are inexplicable by currents alone. 4. This theory furnishes an ade- 
quate agency for smoothing and furrowing the slopes of mountains, and for 
tne transportation of drifl from lower to higher levels by an ascending force ; 
fiusts more difficult to exdb.in than almost any other phenomena connected 
with drift. This might nave been done both by the expansive force of ice, 
pushing one extremity of the sheet up the hill, and by water, lifting up ice- 
bergs with detritus from the bottom of the valleys, and as it rose, carrying 
them to higher levels. 5. It shows how deposits of clay and sand might 
have been formed above the ooarse detritus in lakes produced by the moraines 
and melting of the ice, and how their barriers afterwards might have been 
removed. 6. It gives a reason why those clays and sands are so destitute 
of organic remains, viz, a coM climate. 7. It provides an agent sufiiciently 

Sowerful to break down the tops of ledges of rocks, as appears to have been 
one at least in a few instances in New England, by an enormous force ope- 
rating obliquely downwards in coimectioo with the formation of drift, llxe 
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expannon and- great weight of a huge sheet of ice might exert a ftroe upon 
obstacles almost irFesistible. 

Obj. This theory furnishes a very inadequate cause for the southerly di- 
rection talcen by drift over so large a part of the northern hemisphere. It 
supposes that as the earth was^ooling, most of the water that was evapo- 
rated in tropical regions would go to be condensed in the polar regions, 
and thus accuoiuliite there a vast quantity of ice, so long as the gla- 
cial period continued. Admitting such a process, it might produce a mode- 
rate southerly movement in the ice as it expanded. But the distance 
southt^rly to which the drift has been transported, even that principal 
mass of it which must have been pushed along by the ioe, is very great to 
refer to such a cause. And besides, the southerly direction of the force 
seems to have continued from the beginning to the end of the work ;. so that 
the bottom of the valleys as well as the tops of the mountains have been 
equally affected by it. This fact seems to indicate some other cause besides 
mere expansion to give an austral direction to the force. It is difficult, also, 
to conceive how currents, formed by the mere melting of ice, could have 
transported bowlders from 400 to 600 miles to the south. 8. The largest and 
most remarkable moraines (ex. gr. those of Plymouth and Barnstable coun- 
ties in Massachusetts,) are situated at a great distance from any mountains. 
This shows at least that the idea of their production by common glaciers, de- 
scending from higher to lower ground, must be given up : though this idea is 
not, perhaps, essential to the theory. If we can only suppose the sheet of 
ice fixed inunoveably on its northern side, then, as it expanded, it would en- 
large on its southern side. 3. It is difficult to imagine a cause for a sudden 
change on the earth's surface from an almost tropical to an ultra-arctic climate, 
without supposing a total change in the present arrangements of the solar 
system : without supposing, for instance, the earth left without the light and 
heat of the sun. If facts prove such a change, however, it must be admitted 
even if we can imagine no cause. 

*R€7n. 1. This theory was first suggested by Venetz, a Swiss engineer; 
then advocated by Charpentier ; and more recently brought out in its full 
proportions by Agassiz, in his Etudes sur les Glaciers. • 

Rem. 2. It gives nearly as erroneous an idea of this theory to call it sim- 
ply the Glacial T%eory^ as it would to call it the Diluvial theory. For it is 
agreed by all that immense currents of water, and even extensive deluges, 
must have been the result of the melting down of vast accumulations of ice. 
These must have been sufficient to carry blocks and gravel from 400 to 600 
miles southerly ; and to form extensive lakes in the depressions of the sur- 
face. And if the return of heat was as sudden as Agassiz supposes its de- 
parture to have been, vast deluges most have been the consequence. Hence 
It woul J seem more appropriate to call this theory the GlacuMiqueous theory. 

R:mi. li. . A curious example to illustrate the effect of the sudden melting 
of large masses of snow and ic«, has just been communicated to me by Rev. 
Justin Perkins, American Missionary at Ooroomiah, in Persia, pot far from 
Mount Ararat, in a letter of Nov. 6, 1840. In giving an account of two 
very powerful earthquakes, experienced on and around that mountain in the 
summer of 1840, he says, "the vast accumulation of snow which had been 
increasing on and about the tops of the mountains for centuries, was broken 
into pieces, and parts of it shaken down on the sides of the mountains in such 
immense quantities, that fit being midsummer and the snow descending 
down as far as a warm climate and suddenly melting,) torrents of water 
came rolling down the remainder of the mountain, and flooded the plains for 
some distance around its base." 

Inf. 1. Very probably the Iceberg Theories and the Glacier 
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1%eovy ai6 not ixreconcikable with one another: or rather, the 
ultimate and true theory of drift may probably be compounded 
of these three theories. 

Pri)of I, It is impossible to explain the phenomena of drift in North 
America and Northern Europe, witiiont aiimitting the transit over the entire 
surface, of deep and long continued currents of water, loaded with islands of 
ice. Such currents and such icebergs are suf^osed in all these tlieories to 
have existed. 2. Mr. Maclaren has rendered it probable, that if most of the 
globe was covered with an ocean, there woi>ld exist between the tropics 
a westerly curre^^kt, and without the tropics, two easterly currents. If, 
now, ice had been accumulated around the pules to a great thickness, (10,OGO 
£}et, says Maclaren,) as Agasbiz supposes, its fusion, upon the return of heat, 
would produce currents towards the equator ; and these,* meeting with the 
easterly currents, would form a southeasterly current in the northern heiui- 
sphere, and a northeasterly current in the southern hemisphere, would be 
the result. This would explain the southea^tiThr direction taken by the 
drift in the northern hemisphere. — Geolosy of Fife, aiid t.}i£ Loihiani,p. 225. 
Also the Scotsman for Dec. 1, 1^41. 3. Essentially the same effects would 
result, if we suppose deep and long continued inundations of the land to have 
taken place from the melting of polar ice; so that it is not necessary to sup- 
pose the glacio-aqueous period to have existed before the rise of our present 
continent from the ocean. 4. Let us make a further supposition. Suppose 
the earth to have ceased to revolve on its axis during that period, and to have 
been removed from solar influence. The consequence would have been, that 
the water would accumulate around the poles to the depth of 13 miles, and all 
of it be converted into ice; while the equatorial regions would be left bare. 
Suppose next, that the earth was brought into its present orbit and com« 
menced its diurnal revolution. The mehing ice would flow rapidly towards 
.the equator, inundating the land, and the currents would take the directions 
above nam«HJl. 5. Murchison and Verneuil regard it as most probable, that 
the strie upon the rocks of Northern Europt*, were produced by "icefloes 
and detritus, grating upon the bottom of the sea," and set in motion by cur- 
rents produced by the elevation of northern continental masses." On the 
Geological Structure of Russia in Europe, by Murddson aitd Veme^iil, p. 13. 
Lonflon, 1841. 6. The Alps are an example of the rise of a mountain to a 
considerable height during the period in wiiich drift was accumulating; and 
their elevation produced important modifications of glacio-aqueous agency in 
that part of Europe, where they exist. In fact, it seems probable, that the 
conditions of the several theories that have been described, may- all have ex- 
isted in some part of the globe during the glacial period ; and, therefore, it 
may be found that all those theories are in harmony with one another. 

Inf 2. The proximate cause of the phenomena of drift 
seems at length to be determined; vixrthe joint action of ice 
and water : so that the dynamics of this most difficult subject 
appear to be at last nearly settled. 

Proof. Tn all the above named theories, that are now adopted by geolo- 
gists, vis: the three last, ice and water are the agents supposed, to have been 
employed ; and the chief difference between them seems to be concerning 
their relative agency. 

Rem. This is certainly a very great and happy advance in a subject 
whieh only a few years ago presented an aspect truly chaotic. 

Inf. 3. Not improbably all advance which geologists will 
wrei be able to make beyond the true dynamics of this subject, 
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will be only va?ae conjecture : that is, whik tkey maj tmder- 
stand perfectly by what agencies the phenomena of dnft have 
been produced, and even be . able to calculate the intensity of 
those agencies, they may never ascertain their origin. 

Rem, The case is the same in many other parts of geolo^ ; and it is 
often because writers are not satisfied with ascertaining the proximate causes 
of phenomena, and will speculate upon antecedent causes, that doubt and 
perplexity are thrown over a plain subject, and the wh(Je science appeals 
more unsettled to the supierficial reader than is actually the c-~ 



SECTION VIL 

OPERATION OF ORGANIC AGENCIES IN PR09UCIK* 
GEOLOGICAL CHANGES. 

Rem,. Many &ct8 naturally belonging to this Section, have been De> 
cessarily anticipated in the preceding Sections; and will therefore, need ctiy 
to be referred to in this place. 

Agency of Man, 

Prin. The human race produce ecological changes in seve- 
ral modes: 1. By the destruction of vast numbers of animals 
and plants to make room for themselves. 2. By aiding in the 
wide distribution of many animals and plants, that accompany 
man in his migrations. 3. By destroying the equilibrium be- 
tween conflicting species of animals and plants : and thus en- 
ablins^ some species to predominate at the expense of others. 4. 
By altering the climate of large countries by means of cultiva* 
tion. 5. By resisting the encroachments of rivers and the 
ocean. 6. By helping to degrade the higher parts of the earth's 
surface. 7, By contributing peculiar fossil relics to the alluvial 
depositions now going on, on the land and in-the sea : such as 
the skeletons of his own frame, the various productions of his 
art, numerous gold and silver coins, jewelry, cannon balls, &c. 
that sink to the bottom of the ocean in shipwrecks, or become 
otherwise entombed. 

Exam. The only example of the entire extinction of the larffer animak 
coeval with man, and probably through his agency, are the following. 1. 
The great Irish elk^ which was 10 ft. high to the top of the horns, whi^ are 
from 10 to 14 ft. between their tips. 3. The dodo^ a bird larger than the 
turkey, which existed in Mauritius and the adjstcent islands when thev were 
colonized by the Dutch 200 years ago : but it is no longer to be found ; and 
eren all the stuffed specimens that ware brought to Europe aore lost : so Ibaft 
ft head and a foot of one individual in the Ashmolpttn museum a(t> Oxfofd, 
and the leg of another in the British musenm, are all UiaA remains of it, faE* 
cept come fossil bones lately found in the Isle of France. 3. The/i|pibllW 
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omthraHt of New Zealand appears to be on the point of extinction, if nei 
actually extinct: aa only one specimen of it exista in Europe ; and no othen 
can be obtained, though the missionaries say that its skin is still worn by th» 
natives. Wonders of Geology^ Vol. I. p. 106. 

In paiticiiiar countries it is a more common eecuFrenoe for species to b* 
come extinct; as the beaver, wolf, and bear, in England. In this countrf 
the animals of the forest are disappearing or moving westward as the foresti 
are clearing up. Since the discovery of the island of South Georgia, ia 
1771, one million two hundred thousand s^eal skins have been annually takei . 
from thence ; and nearly as many more from the Island of Desolation. Ths 
animal is becoming extinct at these islands. How many of the smaller ani- 
mals may have b^some extinct, through the agency of man, it is impossible 
to ascertain. 

It has been maintained with great confidence, that the climate of Europe 
is very much warmer than in the davs of ancient Rome : and this has been 
imputed to the clearing away of the forests. Rees^ Cyclopaaia^ Article^ 
O/imate. But M. Araeo has lately rendered it probable, that no such change 
has taken place. JbySrs PHn. Gtol. Vol. 3. p. 256. In North America, 
however, the extremes of heat and cold have probably been modiified by the 
clearing away of the forests. 

In Italy, the Po, Adige, and other rivers, are prevented from overflowing 
the adjacent coantry by embankments. These nave been carried so high, 
and the bed of the river has so much filled up in some places, that the sur- 
face of the Po is more elevated at Ferrara than the roofs of the houses. 
IjifeWs Prin, Gad, Vol. 1. p. 348. 

Inf. Some writers maintain tKat as species of animals and 
plants disappear from the earth, new species are created to take 
their place, that the proper equilibrium of organic nature may 
be preserved. But as no certain example of the creation of a 
new species has yet been discovered, this opinion can be re- 
garded only as an hypothesis. And the majority of authors 
suppose that in general no new creation takes place, until nearly 
the entire race inhabiting a country at any one period, have* 
been destroyed, either by a sudden catastrophe, or in the slow 
manner that has been described. 

Obs. This question, with the whole subject of the permanence, distriba- 
tion, and mutual influence of species of animals and plants, is fully and ably 
discussed in LajeWs Principles of Geology^ Book 3. The general principleli 
legulating their distribution has been given in Section Y. 

Agency of Other Animals, 

Prin. Very many other animals exert an influence on geolo- 
gical changes analogous to that of man, though less in degree, 
except the following. 

Polyparia or Polyps, 

Bern, The litholoffical character of the stony habitation erected by these 
minute animals, has been described in section ill. Some account 4>f the 
po]3fps has also been given in section VI. The history oi coral reefi remauMi 
In be given. 
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Despr, Coral reefs are ridges of calcareous rock, whose basis 
ts coral, (chiefly of the genera, porites, astrea, madrepora mean- 
drina and caryophillia,) and whose interstices and surface are 
covered by broken fragments of the same, with broken shells 
and echini, and sand, aH cemented together by calcareous mat- 
ter. They are built up by the polyparia. apparently on the 
tops of submarine ridges and sometimes perhaps, though not 
generally, on the margins of ancient, volcanic craters, beneath 
the ocean, not generally from a depth greater than 25 or 30 
feet, yet sometimes 120 or 130 feet. I'he polyparia continue 
to build until the ridge gets to the surface of the sea at low 
water ; after which, the sea washes upon it fragments of coral, 
drift wood, &c. and a soil gradually accumulates, which is at 
length occupied by animals with man at their head. The reefs 
are sometimes arranged in a circular manner, with a lagoon in 
the centre, where, in water a few fathoms deep, grow an abun- 
dance of delicate species of corals, and other marine animals, 
whose beautiful forms and colors rival the richest flower garden. 
Volcanic agency often lifts the reef far above the waters, and 
•ometimes covers one reef with lava, which in its turn is covered 
with another formation of coraL The growth of coral struc- 
tures is so extremely slow, that centuries are required to pro- 
duce any important progress. The rate of increase has not 
been determined. 

• Descr, The diameter of the circular reeh has been found 
to vary from less than one to 30 miles. On the outside, the reef 
is usually very precipitous, and the water often of unfathomable 
depth. Fig. 113. is a view of one of these circular islands in 
the south seas, called Whitsunday Isle ; so far reclaimed from 
the waters as to be covered with cocoa nut trees and with soma 
human dwellings. 
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Descr. These islets occur abundantly in tKe Pacific Oceao, 
l>etween the thirtieth parallels of latitude. They abound ako, 
in the Indian Ocean, in the Arabian and Persian Gulfs, in the 
West Indies, &c Usually they are scattered in a linear nuA- 
ner over a great extent. Thus, on the eastern coast of New 
Holland, is a reef 350 miles long. Disappointment Islands and 
Duff's Group are connected by 500 miles of coral reefs, oyer 
which the natives can travel from one island to another. Be- 
tween New Holland and New Guinea, is a line of reefs 700 
miles long, interrupted in no place by channels more than 30 
miles wide. A chain of coral islets 480 eeographical miles long, 
bas long been known by the name of the Maldiyaa Some 
groups m the Pacific, as the Dangerous Archipelago, are from 
1100 to 1200 miles long, and from 300 to 400 miles broad. 
LyelVs Prin, Geol. Vol. 3. p. 367. Especially See Conthoy on 
Coral Formations in the Pacific^ in the Bost. Joum, Nat jHi*- 
tory, Vol. 4. No. 1. 

Infusoria. 

Rem, It is certainly one of the most astonishina discoveries of modem 
science, that the animalcula of infusions, of which ^.000.000 may live and 
sport in a drop of water, should originate extensive formations o(, rocks and 
■oils by their skeletons. But the mystery is explained when' we learn how 
astonishing is their power of multiplication. The facts on this subject, how- 
ever, have been so fully detailed in Section V. that nothing more can be pro- 
fitably added in this place. 

Agency of Plants. 

Deser, Animal and vegetable substances, when buried in the 
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eartli, or tlie waieTS, sometimes undergo an almost entire decom- 
position: at other times, this is very partial; and sometimes 
the change is so slow that for years scarcely no apparent pron 
eress is made. Different substances will be the result of these 
Sifferent degrees of decomposition. 

pescr. Berzelius embraces all the organic matter of soils in 
the generic term humus. Dr. Dana uses the term geine as 
synonomous with humus, when he speaks agriculturally. Ber- 
xelius supposes humus to contain humic acid, humin, crenic 
and apocrenic acid, and traces of glairin. Dr. Dana regards 
these as different forms of geine, which, when in a soluble state, 
may be taken up by the roots of plants : but in an insoluble 
state, can affora no nourishment. When he uses the term 
^ine, however, in a strict chemical sense, he means by it the 
same as the humic acid of Berzelius ; or a compound of 16 
atoms of oxygen, 2 atoms of hydrogen, and 16 atoms of carbon. 
This unites with bases and forms geates, or humates. In some 
places, as on the western prairies, these organic matters of soils 
increase so as to form a layer several feet thick : but in general 
they are so much used in the nourishment of plants, that they 
rarely become more than a few inches thick. 

JOfescr. The prevalent opinion amonff vegetable physiologists has been, 
that plants are nourished partly by imbibing carbonic acid through their 
leaves and their roots, and partly by taking up soluble ^tane from the soiL 
Recently, Liebig, Raspail and other distinguished chemists have advanced 
the opinion, that they are nourished solely by the absorption of carbonic acid, 
and that geine actai no other 4>art in sustaining' them but to furnish that gas. 
XAeb7.g*s Organic Ckemistry of AgricuUure and Physiology^ loith notes^ by 
Professor Webster, Cambridge, 1841. Also Dana*s March tdarwud, Lowm, 

Peat 

Descr. Peat usually consists of soluble and insoluble geine, 
with a mixture of undecomposed vegetable matter, and some 
earths. Most of it results from the decomposition of certain 
mosses ; especially of the genus sphagnum ; which decay at 
their lower extremity, while the top continues to flourish With 
vigor. Trees and whatever other organic matter happen to get 
into these peat bogs, soon become enveloped and assist to swell 
the amount. In some instances the beds nave ac^red a thick- 
ness of more' than 40 feet. 

Descr. In tropical climates, except on high lands, the de- 
com]>osition of vegetable matter is so rapid that it is resolved 
into its ultimate elements before peat can be produced. Hence 
peat is limited chiefly to the colder parts of the globe. In Ire- 
land) the peat bogs are said to occupy one tenth of the surface 
and one of them, on the Shannon, is 50 miles lone and two or 

19» ^ 
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ibxee broad* In MftssacKoMtts, excltisi?^ of the four westexa 
counties, the amount of peat lias been estimated at not less than 
120 millions of cords ; and probably this falls far short of the 
actual amount. 

Descr. By the lo^g continued action of water and other 
agents, the geine of peat is changed into bitumen and carbon, 
iniich constitute lignite and bituminous coaL In' a few in- 
stances the process of bituminization has been found consider- 
' ably advanced in the beds of peat. MaccullocKs System, of 
Geology, Vol. %. p, 352. Dr. C. T. Jacksoris Second Report on 
the G^ogy of Maine, p. 80. American Journal of Scienct^ 
Vol. 35. p. 345, 

Descr. Peat bogs axe remarkable for their antiseptic power, 
or the power of preserving animal substances from putrefac- 
tion \ some remarkable cases of which are on record. LyelPs 
Prin, GeoL Vol 3. p. 271. Whether this be owing to the 
existence of acetic acid in the peat, or to the conversion of the 
animal muscle into adipocere, seems to be not well ascertained. 

Descr, Peat bogs sometimes burst their barriers in con- 
aequence of heavy rains, and produce extensive inundations of 
black mud. 

Descr, The increase of peat varies so much under different 
^reumstances, that it is of no use to attempt to ascertain its 
rate of erowth. On the continent of Europe, it is stated to 
have gained seven feet in 30 years. Macculloch^s System of 
Geology. Vol 2. p. 344. 

Descr, Where peat is formed in, or transported into estu- 
aries, it is sometimes covered with a deposit or mud ; over this 
another layer of peat forms, and in this way several alternations 
may occur. 

btsef. In flOBM peat bogs, large trees have been found 
standing where they originally grew, yet immersed to the depth 
of 20 feet ; as in the Isk of Mm LyelVs Prin. GeoL Vol 3. 
f. 269. 

Descr. The toUovring anafyne of three specimens of marsh peat from 
MaMMclMMtt% will ^ an idea <^ the composition of thk sidMrtance. 
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IMnfi Wood, 

Deser. Large rivers, ^hich pass through vast forests, carry 
down immense quantities of timber. When these rivers ovev- 
flow their banks, this timber is in part deposited upon the low 
grounds. But much of it also colkcts in the eddies along the 
shores, or is carried into the ocean. After a time it becomes 
water-logged ; that is, saturated with water ; and sinks to the 
bottom. Thus a deposit of entangled wood is often formed 
over large areas. This is subsequently covered by mud ; and 
then another layer of wood is brought over the mud : so that in 
the course of ages, several altema^ons of wood and soil are 
accumulated. The wood becomes slowly changed into what 
Dr. Macculloch terms forest peai ; that is, peat which retains 
its woody fibre. 

Sxam. 1. The Mississippi fliraishes the most remarkable example known 
of these accumulations. In consequence of some obstruction in the arm of 
the ri^er called the Atchafalaya, supposed to have been formerly the bed of 
the Red river, a raft had accumulated in 35 years, which in 1816 was 10 
miles long, 220 yards wide, and 8 feet thick. Although floating, it is covered 
with living {dants, and of course with soil. Similar rafts occur on the Red 
river : and one on the Washita, concealed the surface for 17 leagues. At 
the mouth of the Mississippi, also, numerous alternations of drift wood and 
. mud exist, extending over hundreds of square leagues. LyeWs Prin. Geol. 
VoL 3. p. 8. American Jov/mal of Scienu^ Vol. 3. p. 17. 

Exam. 3. Similar deposits of wood and mud are found in the river Mao- 
kenzie, which empties into the North Sea; and in the lakes through which 
it passes. At the mouth of the river, which is almost beyond the region of 
vegetation, are extensive deposits brought from the more southern regions, 
through which the river passes. JbydTs Prin. Geol. VoL 3. p. 310. 

Exam. 3. A part of the drift wood which is brought down the Missisr 
sippi and other nvers, along the coast of America, is carried northward by 
the Gulf Stream, and thrown upon the coasts of Greenland. The same 
thinff happens in the bays of Spitzbergen, and on the coasts of Siberia. JLy- 
effs Pnn. Geol. Vol. 3. p. 313. 

hif. In the history of common peat and drift wood, we see 
the origin of the beds of coal which exist in the older strata : 
for it needs only that the layers of peat (in which term I in* 
elude submerged drift wood,) should be bituminized, and the 
intervening layers of sand and mud be consolidated, in order 
to produce a genuine coal formation. Common marsh peat 
alone, can have originated but a smalji part of the beds of coaL 
PhiUipisGeol.p. 116. 

Consolidation of Loose Materials 

Rem. Having in this and the preceding sections described a variety of 
natural processes by which just such materials as form the fossiKferous rocks 
ue produced, it remains to enquire whether any agents are now in i^pentioii 
to effect thdr censoHdatien« 
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PrijL A considerable degree of solidity is sometimes pro- 
duced by mere desiccation. 

Exam. 1. When clay is exposed for a long time to the sun, it becomes 
as hard as some rocks : — ex. ar. the marly clay dug from the bottom of Lake 
Superior. LveWs Prin, Creot, Vol. I. p. 317. £ Some rocks, when dug 
from a considerable depth in the earth, in so soft a state as to be readily cut 
with a knife, become very hard on exposure to the atmosphere. 

Prin. Carbonate of lime, conveyed in a state of solution 
among tbe loose particles of gravel, sand, clay, or mud^ and 
there precipitated, becomes a very efficient agent of consolida- 
tion. 

Exam. 1. On the shores of the Bermuda and West India Islands, ex- 
. tensive accumulations of broken shells, corals, and sand, are formed upon 
the shores by the waves ; and these are sabsequently consolidated, frequently 
into very hard rock, by the infiltration of Uie water which contains carbonate 
of lime in sojution. The fiimous Guadalope rock, in which human skele- 
tons, along with pottery, stone arrow heads, and wooden ornaments, are 
found, is of' the same kmd. 2. The Mediterrtoean delta of the Rhone, is 
ascertained to be in a good measure solid rock, produced by the numerous 
springs that empty into it, that contain carbonate of lime in solution. The 
same is true jof toe deposits at the mouths of other rivers in the south part of 
Italy : but more especially on the east coast of the Mediterranean ; where 
the ancient Sidon, formerly on the coast, is now two miles inland. JjyeWs 
Prin. Geol. Vol. 1. p. 4^. 3. In Pownal, Vermont, three miles north of 
Williams College, large masses of drift are cemented by carbonate of lime. 
4. I have specimens of a calcareous breccia from West Stockbridge, in Mas- 
sachusetts, which was formed by the chips thrown off in hewing marble, ce- 
mented together by the stream that passed over them, so as to be nearly as 
solid as the original limestone.' This was accomplished in 17 years. 

Prin. Another agent of consolidation is the red or per oxide 
of iron ; or rather the carbonate of iron ; since the per oxide is 
£iot soluble in water, without carbonic acid. 

Exam. 1. On the noithern coast of Cornwall, Eng., large masses of 
drifted sand have been cemented by iron into rocks, solid enough sometimes 
to be employed for building stones. 2. A similar case occurs on the coast 
of Karamania, and other parts of Asia Minor. De La Heche's ^aimal^ p. 
78. In the United States it is common to find the sand and gravel of the 
drift and tertiary strata, more or less consolidated by the hydrated per oxide 
of iron. 

Prin. Silica dissolved in water, appears to have been in for- 
mer times, an important agent in consolidating rocks : but at 
the present day it seems to be limited chiefly to deposits from 
thermal waters; since it is only water in this condition that 
will dissolve silica in much quantity. 

Exam. The deposits around the Geysers in Iceland, the Azores Islands, &c. 

Prin. Heat is an important agent in the consolidation of 
rocks : the most so when it produces complete fusion : yet thi^ 
is not necessary to the production of a go(m degree of solidifica- 
tion. 
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Ream, The inttanccfl afe so eoomioii in the arte, (ae m harning hrieke, 
pottery, porcelain, &c.) where heat sofidifiee ; and also in the vidni^ of vol- 
canoe, where loose materials have become very hard by the proximity of htva, 
that particular instances need not be pointed out. 

Prin. In many of the cases that have been described, great 
pressure assists in the work of consolidation. 'Indeed, it is 
sometimes sufficient of itself to bring the partjycl^ witluja the 
fphere of cohesive attraction. 

Ezam, This principle is too well nndentood to requve paitkofaff In- 
stances to be pointed out. 

General Inference from this and the Preceding Seetien, 

If^, From. the. facts detailed in this and the preceding sec- 
tion, it appears that all the stratified fosaililerous rocks of aiijr 
importance, may have resulted from eaasee now in opes«tioB« 

Proof and Exam. X. Beds of clay need onlv to be consolidated *o be- 
come clay slate, mywacke slate, or shale. 2. The same is true of fine Aed. 
3,. Sand consoli&ted by carbonate of lime, will produce calcareous sand- 
stone : by iron, ferruginous sandstone. 4. Drift, in like manner, will form 
conglomerates of every age, according to rariations in the agents of consoli- 
dation. 5. Marls need only to be conaoKdated to ibm atgiilaeaMS Mme- 
stooes I and if sand be mixed with marl, the limestone will be siliceous^ 6. 
Coral reefs and deposits of travertin, subjected to strong heat finder pressure, 
will produce those secondary limestones that are more or less crystalline : 
but more of this under the next section. 7. We have ahvsdy seen how 
bedft of lignite and coal may be producad from peat and dnft wood. 8. The 
fin-mation of such extensive beas of rock salt and gypsum, m oceur in the 
secondary and tertiary rocks, is more difficult to explam by any cause. now 
(n operation. And yet in respect to the former, it is said that the lake of fn- 
dersKy 20 leagues in circumfensnce, on the steppee of Siberia, has a crust of 
salt on its bottom more than six inches thick, hard as stone, and perfectly 



white. The' lake of Penon Blanco in Mexico, yea|ly dries up^ and ieaTes a 
deposit of salt sufficient to supply the country. Ure's Cfeology^p. 373. 1 
have also descif bed a somewhat similar case at the lake of Ooroomiah in 



Persia. {See Section III.) And I have just been informed (April, l64S^bf 
Mar Yohanna, bishop of'Ooroomiafa, who is now on a vint to this country, 
and who resides near the north end of that lake, that a small pond, covering 
about an acre, exists near his residence, which has a permanent depueit of 
salt several inches thick on its bottom. )t is separated fVom the lake by a 
low narrow ridge of sand. Aeeording to Dr. Daubeny, {Report on MinereA 
WaterSy p. 7,) thick beds of rock salt exist at the bottom of hdte Elton, and 
of several other lakes adjoining the Caspian Sea. Probably, however, volcanic 
action was concerned m the deposition of rock salt. The origin of gypsum 
IS still more difficult to explain by agencies now at work, since we know of 
but ^ery few s|>rings that deposit it, and diese (ex. gr. at Baden near Vienna,) 
in small quantity. 
Rem. 1. It does not ibllow fVom the preceding injferenee that the causee 
- of geological change now in action, have not operated during the depositipn 
of tne fosstliferons rocks with greater energy than at present ; but only that 
they have been identical in nature, during the past and present periods. 

Rem. % We can better judge whether existing agents have produced the 
older stratified rocks, and the unstratified class, when we ha^e examined the 
dynaaues of igneous agencies. 
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SECTION VIII. 

OFIRATION OF IONEOU8 ikOENCIEB IN FRODUCINO 
GSOLOOICAL CHANGES. 

J}tf, Volcanic action in its widest sense, is the influence 
exerted by the heated interior of the earth upon its crust 
Igneous agency has a still more extensive signification; em- 
bracing all the action exerted by heat upon the globe, whether 
the source be internal or external. The history of the former 
will prepare us better to appreciate the influence of the latter. 

Prin. Volcanic agency has been at work from the earliest 
periods of the world's history; producing all the forms and 
phenomena of the unstratified rocks, from granite to the most 
recent lava. Modem volcanos will first come under consider* 
ation 

Dtf, These are of two kinds, txtmct and active. The 
former have not been in operation within the historic period : 
the latter are constantly or mtermittingly in action; 

Def, A volcano is an opening in the earth from whence 
matter has been ejected by neat, m the form of lava, scoria, or 
ashes. Usually the opemhg sidled the crater, is an inverted 
cone ; and around it, there rises a mountain in the form of a 
cone, with its apex truncated, produced by the elevation of the 
earth's crust and the ejection of lava. The volcanic cones vary 
in height from 600 feet (Stromboli,) to 17.730 feet (Cotopaxi) 
Humboldt on the Superposition of Rocks, p. 408. 

Def. When nothing but aqueous and corrosive vapors have 
been emitted from a volcanic elevation for centuries, such ele- 
vation is called a solfatara, or fumerole. 

' Def When volcanos exist beneath the sea, they are called 
submarine ; when upon the land, subaerial. 

Descr, As a general fact, volcanic vents are not insulated 
mountains, but are arranged in extensive lines, or zones ; often 
reaching half around the globe. * 

Exam, 1. Perhaps the most remarkable line of vents is the long chain 
of islands commencing with Alaska on the coast of Russian America, 
which passes over the Aleutian Isles, Kamschatka, the Kurilian, Japanese, 
Philljppine, and Moluccan Isles, and then turning, includes Sumbawa, Java, 
and Sumatra, joid terminates at Barren Island m the Bay of Bengal. % 
Another almost equally extensive line, commences at the southern extremity 
of S. America, and following the chain of the Andes, passes alon? the Cor- 
dilleras of Mexico, thence into California, and thence northward as far at 
least as Columbia river ; which it crosses between the Pacific Ocean and 
thp Rocky Mountains. Parker's Towr beyoTuL the Rocky Mountains. 3. A 
volcanic region, 10 degrees of latitude in breadth, and 1000 miles long, ex* 
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tendiiig iirom the Azore Islands to ths Caspian Sea, abounds in Toleanes ; 
thouffh very much scattered. The region aroond the Mediterranean, is per- 
hapsbetter known for volcanic agency than any other on the globe; be* 
cause no eruption occurs there unnoticed. 

De/. Yolcanos not arranged in lines or zones, are called 
central volcanos, and are more or less insulated. 

Exam. Iceland, the Sandwich Islands, Society Islands, 
Island of Bourbon, Jorullo in Mexico, and a region m Central 
Asia, of 2500 square geographical miles, from 800 to 1200 miles 
from the ocean. Dela Beche^s Theoretical Geology , p. 130. 

Descr. The number of active Tolcanos and solfataras <m the 
dobe, is estimated at a little oyer 300 : (303) Considerations 
vrenerales sur les Volcans, dpc* par M, J. Crirardin, p. 28. Paris, 
1831, and the number of eruptions about 20 in a year, or 2000 
in a century : though on both these points there is room for 
considerable uncertainty. 

The fellowmg table will show how the active Toleanos and solfataras are 
distributed on the globe. 





On 


On 






Continents. 


Islands. 


Total 


Europe, 


4 


90 


24 


Africa, 


3 


9 


11 


Asia, 


17 


29 


46 


America, 


86 


28 


114 


Oceanica^ 




108 


106 


Total. 


109 


194 


303 



Descr. 194 of these yolcanos, or about two thirds, are 
situated upon the islands of the sea: and of the remaining 
third, the greater part are situated upon the borders of the sea, 
or a little distance from the coast. Girardin^s Considerations, 
^c. p. 25. 

Inf. Hence it is inferred that water acts an important part 
in volcanic phenomena: indeed, it seems generally admitted 
that the inmiediate cause of an eruption is the expansive force 
of steam and gases. It ought not to be forgotten, however, 
that some volcanos are far inland : as Jorullo in Mexico, and 
the volcanos in central Asia. 



Intermittent Volcanos. 

Descr. Only a few volcanos, are constantly active*, in most 
cases their operation is paroxysmal ; and is succeeded by longer 
or shorter intervals of repose. This interval varies from a tew 
months to seventeen centuries. In the Ldand of Isehia, the 
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/n/ Hence some of the volcanos of Ametica, generally re- 
garded as extinct, (as Chimborazo, and Carguairazo in Q^ito, 
' Tacoza in Peru, and Nevado de Toluoa in Mexico,) may yet 
break forth and show themselves to belong to the class of active 
volcanos. 

Phenomena of an Ertiption. 

Deser. A volcanic eruption is eommonly preceded by earth- 
quakes in the vicinity; stillness of the air, with a sense of 
oppression; noises in the mountain; and the drying up of 
fountains. The eruption commences with a sudden explosion, 
followed by vast clouds of smoke and vapor, with flashes of 
lightning, and showers of ashes and stones ; and finally by red 
hot lava ; which flows over the rim of the crater and spreads 
over the surrounding country. 

Descr. Probably the most remarkable exustion of modem 
times took place in 1815, in the island of Sumbawa, one of the 
Molueca group. It commenced on the 5th of April, and did 
not entirely cease till July. The explosions were heard in 
Sumatra, 970 geographical miles distant in one direction, and 
at Ternate in the opposite direction, 720 miles distant So 
heavy was the fall of ashes at the distance of 40 miles, that 
houses were crushed and destroyed beneath them. Towards 
Celebes, they were carried to the distance of 217 miles; and 
towards Java, 300 miles, so as to occasion a darkness greater 
than that of the darkest night. On the 12th of April, the float- 
ing cinders to the westward of Sumatra, were two feet thick ; 
and ships were forced through them with difficulty. Large 
tracts of country were covered by the lava : and out of 12.000 
inhabitants on the island, only 26 survived. 

Descr. During the ereat eruption of the volcano of Cosi- 
^ina in Guatimala, on the shores of the Pacific, in 1835, ashes 
fell upon the island of Jamaica, 800 miles eastward : and upon 
the deck of a vessel 1200 miles westward.' American Journal 
of Science, Vol, 33. p. 53. 

Descr, The situation of Vesuvius and Etna has made their 
history better known than that of most volcanos. Eighty one ' 
eruptions of the latter are on record, since the days of Thucy- 
dides ; and thirty seven of the former, since the first century 
of the Christian era. That which occurred in Vesuvius A.l5. 
79, is best known, from the tact that it buried ^y^^*^ nitiea Her- 
culaneum, Pompeii, and Stabiae ; whidb were flourishing at its- 
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biM. Not much melted lava appears to have been tbrown out 
at the eruption, which consisted chiefly of iapilli, sand, and 
•tones. Hence it is, that almost every tmng enveloped in those 
cities; — streets, houses, inscriptions, papyri, (manviscripts,) grain, 
fruit, bread, condiments, medicines, &c. he, are in a most per- 
fect state of preservation. They are, indeed, perfect examples 
of fossil cities ! LyeUsPrvn. Geol. Vol. 2. p. 189. Dr, James 
Johnson^ s Philosophy of Travelling, p. 232. 

Rem._ The vast qaantity of aqaeous vapor that escapes during a Tolcaiiic 
eruption, is often condensed and descends in torrents of rain, wnkh fiJIing 
upon the ashes, which the volcano has cast out, converts them into mud; 
and it was probably mostly mad that enveloped Pompeii, though Hercala* 
neom appears to have been covered with melted matter. Mud t^y formed, 
however, not unfrequently is emitted from volcanos. 

Descr. In the year 1759, in the elevated plain of Malpaia 
in Mexico, which is from 2000 to 3000 feet above the ocean, 
and at the distance of 125 miles from the sea, a volcanic erup 
tion took place, producing six volcanic cones ; now varying in 
height from 200 to 1600 feet. Around these cones, and cover- 
ing several square miles, are a multitude of small cones, from 
6 to 2 feet high, called hornitoSy which continually give off hot 
aqueous vapor and sulphuric acid. 

Rem. There is still a diversity of opinion as to the manner in which wd- 
canic cones are formed. Yon Buch, the distinguished Prussian geologist, 
maintains that a large part of the cone is produ^ by the upheaving of the 
strata, and that the crater, which in such cases he calls a crater of elevation, 
results from the fracture at the summit. Upon this elevated mass lava accu- 
mulates. Other geologists suppose the cone to be entirely formed of lava. 

Descr, .Sometimes during a violent eruption, the whole 
mountain, or cone, is either blown to pieces, or falls into the 
gulf beneath, and its place is afterwards occupied as a lake. 

Exam, 1. In 1772, the Papandayang, a large volcano in the islafSd of 
Java, after a short and severe eruption, fell in and disappeared over an extent 
15 miles long and 6 broad ; burying 40 villages, and 2957 inhabitants. 2. 
In 1638, the Pic, a volcano in the island of Timor, so high as to be visible 
300 miles, disappeared, and its place is now occupied by a lake. 3. Manj 
lakes in the soutn of Italy are supposed to have been thus formed ; and this 
is probably the origin of the Dead Sea in Palestine, of lake Ooroomiah in 
Persia, &e. BakeweWs Geology^ p. 265. 4. A volcano occupying the same 
spot, -as the present Vesuvius, is supposed thus to have been destroyed in 79^ 
and its remains to constitute the circular ridge, called Somna, which is seve- 
, ral miles in diameter. 

Dynamics of Volcanic Agency. 

* Prin. We can form an estimate of the power exerted by 
volcanic agency, from three circumstances : first, the amount of 
lava protruded : secondly, from the distance to which masses 
of rock have been projected : and thirdly by calculating the 
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force wquisite to raise lava to tlie tope of existing craters from 
their base. 

Descr. Vesuvius, more than 3000 feet high, has launched 
scoria 4000 feet above the summit. Cotopaxi, nearly 18,000 
feet high, has projected matter 6000 feet above its summit ; and 
once it threw a stone of 109 cubic yards in volume, to the dis- 
tance of nine miles. 

Descr. Taking the ■pecific gravity of lava at 3.8, the follovnng table will 
show the force requisite to cause it to flow over th€ tope of the several yol- 
canos, whose names are given, with their height above the sea. The initial 
velocity which such a force would produce, is ^so given in the last column. 



Name. 



Height 
in feet. 



Force ex- 
erted upon 
the Lava. 



Initial ve- 
locity per 
second. 



Stromboli, highest peak,) 2168 176 Atmospheres. 371 feet. 

Vesuvius, 3874 314 496 

Jorullo, Mexico, 2942 319 502 

Hecla, Iceland, 5106 413 570 

Etna, 10892 882 8^ 

Teneriffe, 12464 1009 896 

Mouna Kea, Sandwich Isles, 14700 1191 966^ 

Popocatapetl, Mexico, 17712 ' 1435 . 1062 

Mount ^ias, 18079 1465 1072 

Cotopaxi, auito, 18869 1492 1104 

Rem. There can be but little doubt but the chimney of a volcano ex- 
tends generally as much below the level of the sea, as it does above; and 
often probably fifty times as deep : so that the actual force pressing upon 
the lava in its reservoir, may be far ^eater than the second column of the 
preceding table represents : and the initial velocity much greate'r than in the 
third column. 

Descr. The amount of melted matter ejected from Vesuvius 
in the eruption of 1737*, was estimated at 11.839.168 cubic 
yards: and in that in 17^4, at 22.435.520 cubic yards. But 
these quantities are small compared with those which Etna has 
sometimes disgorged. In^ 1660, the amount of lava was 20 
times greater than the whole mass of the mountain ; and in 
1669, when 77.000 persons were destroyed, the lava covered 84 
square miles. Yet the greatest eruption of modern times was 
. from Skaptar Jokul in Iceland, in 1783. Two streams of lava 
flowed in opposite directions ; one of them 50 miles long and 
12 broad ; and the other 40 miles long and 7 broad : both hav- 
ing an average thickness of 100 feet : which was sometimes in- 
creased to 500 or 600 feet. Twenty villages and 9000 inhabi- 
tuits were destroyed. LyeWs Prm. GeoL Vol. 2. p. 254. 
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New Islands formed hy Volcanic Agency. ^ 

Descr. History abounds with examples of new islands riising 
out of the sea by volcanic action. Such were Delos, Rhodes, 
and the Cyclades, situated in the Grecian Archipelago, and de- 
scribed by Pliny the naturalist, and other ancient writers. In 
more modern times, small islands have risen in the Azpre group: 
such as Sabrina in 1811, which was 300 feet high, and a mue 
in circumference : but after some months it disappeared : ano- 
ther in 1720, was six miles in circumference. >In 1707, the 
island called Isola Nuova, was thrown up near Santorini, and 
continues to this day. Ju«t before the great eruption of Skaptar 
Jokul in Iqeland in 1783, a new island appeared off the coast; 
which, however, subsequently disappeared. In 1796, a new 
island rose to the height of 350 feet ] having two miles of cir- 
cumference, in the Aleutian group, east of Kamtschatka, which 
is permanent. In 1806 another permanent island rose in the 
same vicinity, four geographical miles in circumference. In 
the same archipelago, in 1814, another pedc arose, which was 
3000 feet high ; and which remained standing a year afterwards. 
In those cases where the cone does not siiu: back beneath the 
sea, it is probably composed of the more solid lavas, such as 
trachyte, or basalt So late as 1831, a new island appeared 
near Sicily in the Mediterranean, rising to the height of 220 
feet and after exhibiting volcanic phenomena for sometime, it 
disappeared. Girardin ConsiderationSj ^c. stir les Volcans, p, 
31 — Poulett Scrapers Considerations on Volcanos^ p, 172, honr 
don, lS25—Lyelfs Prin. Geol Vol 1. p, 288. BakeweWs 
Geology, I?. 261. 

Rem. 1. In some instances the islands thus raised, are composed mainlj 

of the rocks which form the bottom of the sea ; and which has been un- 

. heaved ; as the island of New Kamenoi, near St Erini, which rose in 1707, 

and which was composed partly of limestone and covered with living shells. 

Rem. 3. These islands are not always raised to their fbll height by a sin- 
gle paroxysm of the volcanic force ; but by a succession of efibits for months 
and even years. 

Descr. Very many large islands appear to be wholly, or 
almost entirely, the result of volcanic action ; and to be com- 
posed chiefly of lava and rocks upheaved by volcanic action ; 
such as sandstone and limestone : ex. gr. the Sandwich Islands : 
of which Hawaii, the largest, contains 4000 square miles of sur- 
face and rises 18.000 feet above the ocean : Teneriffe, 13.000 feet 
high : Iceland, Sicily, Bourbon, St. Helena, Tristan d'Acunha, 
the Madeira, Faroe and Azore Islands ; a great part of Java^ 
Sumatra, Celebes, Japan, &c 
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CMrocter of Molten La/va. 

Deser, Lava in general is not very thoroughly melted ^ so 
Aat when it move^ in a current over the country, its sides 
form walls of considerable height, and a crust soon forms over 
its surface, which serves itill more to pravent its spreading out 
laterally. 

' Rem, Hence a lava carrent may 'be deflected from its course by bieakine 
4way its cmst on one side : and in this way it has sometimes been turned 
mway from towns that were threatened by it. In one instance, the inhabit- 
ants of Catania attacked a lava current and turned it towards Paterno; 
whose inhabitants took up arms and arrested the operation. L/yelPs Prin, 

Descr. The crust that forms upon lava soon becomes a good 
non-conductor of heat ; and hence the mass requires a long time 
lo cool : ex. gr. the case of JoruUo in Mexico, 1600 feet high, 
which was ejected almost 100 years ago, but is not yet cooL 
^e lava thrown out of Etna in 1819, was in motion, at the ' 
rate of a yard in a day, nine months after the eruption : Scrape 
an VolcanoSj p. 101. and it is stated that lava from the same 
mountain, at a previous eruption, was in motion after the lapse 
of 10 years. De La BeMs Theoretical Geology, p. 135. 

Rem, This explains a curious &et. In 1828, a mass of ice was found 
on Etna, lyinff beneath a current of lava. Probably before this flowed over 
It, the iee migm have beeto covered by a shower of volcanic ashes ; which 
am a good non-conductoir of heat *, and might prevent the immediate melting 
of itj while the superinqiosed lava hut preserved it from the period of m. 
eruption to the present. 

Descr. When lava is thrown out upon the dry land, with 
only the pressure of the atmosphere upon it, it is apt to become 
Tesicular and scoriaceous : but when cooled slowly and under 
great pressure, it becomes compact and may be even crystalline. 

Volcanos constaaUly Active, 

Descr, A ifew volcanic vents have been constantly active 
dnce they were first discovered. They always contain lava in 
a state of ebullition; and vapors and gases are constantly 
escaping. 

Exam. 1. Stromboli, one of the Lipari Islands, has been observed longer 
pobably than any volcano of this class; and for at least 9000 years 
It has been unremittingly active. ^ The lava here never flows over the top 
of the crater : though it is sometimes discharged through a fissure into the 
sea, killing the fish, which are thrown upon the shore ready cooked. It is 
said to be more active in stormy than in fair weather ; likewise more so in 
winter than in summer: a fact explained by the different dc^^rees of pressure . 
exerted by the air upon the lava at different times. When the air is light, 
the internal force predominates ; but when heavy, it restrains the energy of 
the volcano 
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Sxam, 3. In lake Ntcaragiift w a volcano which is constantly burning. 
VUlarica in Chili, so high as to be seen 150 miles, is never aoiet. The 
same is said to be the ci^e with Popocatepetl, in Mexico, which is nearly 
18.000 feet high. Ever since the conquest of Mexico it has been pouring 
forth smoke.- GirardirCs ConsideratioTiSf d^c. p. 188. 

Exam. 3. But the most remarkable volcano on the globe 
is that of Kirauea or Kilauea, in the Sandwich Islands, en 
HaWaii ; for the first accurate account of which we are indebted 
to American missionaries. American Jour, of Science, Vol. 11, 
p, 1, and 962. Rev. Messrs. Stewart and Ellis, the first an 
American, and the latter an English missionary, have both 
given us most graphic and thrilling descriptions of it. It ap- 
pears to be situated upon a pjain 8000, or 10.000 feet above the 
ocean ; and at the foot of jVIouna Roa. In approaching the 
crater, it is necessary to descend two steep terraces, each from 
100 to 200 feet high, and extending entirely around the volcano. 
The outer one is 20 and the inner one 15 miles in circum- 
ference ; and they obviously form the margin of fast craters^ 
formerly existing. Arrived at the margin of the present crater, 
the observer has before him a crescent shaped gulf, 1500 feet 
deep ; at whose bottom, which is from 5 to 7 miles in circum- 
ference, the top being from 8 to 10, is a vast lake of lava, in 
some parts molten, in others covered with a crust; while in 
numerous places (some have noticed as many as 50 at once,) 
are small cones, with smoke and lava issuing out of them from 
time to time. Sometimes, and especially at night, such masses 
of lava are forced up, that a lake of liquid fire, not less than two 
miles in circumference, is seen dashing up its angry billows, and 
forming one of the grandest and most thrilling objects that the 
imagination can conceive. Fig. 1 14, is a view of this volcano 
taken by Mr. Ellis. 

Rem. A powerful eruption of this volcano took place in May and June, 
1840. For several years the great gulf had been gradually filling up Until it 
was not more than 900 feet deep. At length the lava found a subterranean 
passage, and flowed 9 miles under ground, whea it reached the surface, and 
then advanced 33 miles further ; and for three weeks continued to pour into 
the sea a stream of red hot lava with frightful hissings and detonations. 
Missionary Herald for Juby^ 1841. Account by Rev, Mr. Coan, American 
Miisionary. 
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Fig. 114. 




FUoofto of Eirauea : JSomdwieh Jalanda, 

Seat of Volcanic Power, 

Prin. Volcanic power must be deeply seated beneath the 
earth's crust. 

Proof. 1. The melted lava is forced out from beneath the 
oldest rocks ; as gneiss and granite : for masses of these rocks 
are frequently broken off and thrown out. 2. Lines or trains 
of volcanos indicate some connection between the vents ; and 
the great length of these lines, several thousand miles in some 
instances, can be explained only by supposing that the fissure 
or cavity by which the connection is made, must extend to a 
great depth. 3. When in 1783, a submarine volcano, on the 
coast of Iceland, ceased to eject matter, immediately another 
broke out 200 miles distant, in the interior of the island. 4. 
Were not the power deep seated, volcanos would become ex- 
hausted ; as they sometimes throw out more matter at a single 
eruption, than the whole mountain melted down could supply. 

Earthquakes, 

Descr. Earthquakes almost always precede a volcanic erup- 
tion ; and cease wnen the lava gets vent. 

Inf. 1. Hence the proximate cause of earthquakes is obvi- 
ous : viz. the expansive efforts of volcanic matter, confined be- 
neath the earth's surface. 
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Inf, S. Hence too the ultimate cause of volcanos and eaith- 
quakes, is the same : whatever that cause may be. ^ 

Descr, Earthquakes are said to be preceded by great ixre- 
ffularities of the seasons ; by redness of the sun,* haziness of 
tne air, violent winds, succeeded by dead calms, and the like ; 
but it is doubtful, whether these precursors be not more ima- 
ginary than real. That electric matter, or inflammable gas, 
or fire, should issue from the soil with mephitic vapors ; that 
noises, like the trundling of carriages, and the discharge of ar- 
tillery, should be heard beneath the ground ; that something 
like sea sickness should be experienced ; and that animals 
should show greater alarm than men, are all easily believed ; 
because they are effects naturally resulting from the known 
phenomena. 

Descr. During the paroxysm of the earthquake, heavy 
rumbling noises are heard ; the ground trembles and rocks ] 
fissures open on the surface, and again close ; swallowing up 
whatever may have fallen into them ; fountains axe dried up ; 
rivers are turned out of their courses *, portions of the surface 
are elevated and portions depressed ; and the sea is agitated and 
thrown into vast oiUows. 

Exam. The cases that might be mentioned, of cities and towns, wholly 
or in part submerged by the ocean, in consequence of earthquakes, are veiy 
' numerous. In the year 876, Mount Acraces is said to have fiUlen into the 
sea : in 541, Pompeiopolis was half swallowed up : in 1692, a part of Port 
Royal in the West Indies was sunk : in 1755, a part of Lisbon : in 1813, a 
part of Caraccas. About the same time numerous earthquakes agitated the 
▼alley of the Mississippi, for an extent of 300 miles, from the mouth of the 
Ohio, to that of the St. Francis ; whereby numerous tracts were sunk down 
and others raised, lakes and islands were formed, and the bed of the Missis- 
sippi was exceedingly altered. In 1819, the bed of the Indus, at its mouth, 
was sunk 18 feet, and the villiDige and port of Sindree submerged. At the 
same time a tract of the delta of the Indus, 50 miles long and 16 broad, was 
elevated about 10 feet. In Caraccas, in 1790, a forest was sunk over a space 
of 800 yards in diameter, to the depth of 80 or 100 yards. In 1783, a large 
part of Calabria was terribly convulsed by earthquakes, over an area of 500 
square miles. The shocks lasted for four years : in 1783, there were 949, 
and in 1784, 151. A vast number of fissures of every fi>rm.were made in 
the earth, and of course a great many local elevations' and subsidences; 
which, however, do not appear to have exceeded a few ieet. In some sandy 
plains, singular circular hollows a few feet in diameter, and in the form of 
an inverted cone, were' produced by the water, which was forced up through 
(he soil. Some of these are exhibited on Fig. 115. 

Rev. Mr. Parker has described a remarkable subsidence, 20 miles in length, 
and a mile in width, just above the falls in Columbia river. Through this 
whole distance the trees are standing in the bottom of the stream, at an aver- 
age depth of twenty feet ; only that part of them above high water mark be- 
ing broken off. He could discover no evidence that this tract had separated 
from the bank of the river. But the whole region appears to be one of ex- 
tinct vcklcano0| and the river passes through mils and walls of basalt, and 
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most probably this is a case of subsidence from an eartbqu^lLe. The banks 
are too high and rocky to admit of the explanation that a lake has been 
formed by the river cutting through its tevee^ and overflowing the adjacent 
low ground, ^hereby, along the Mississippi, a lake with trees standing in it, 
is sometimes produced. Parker's Exploring Tour beyoTid the Rocky Moun- 
tainSfp. 132. 

Fig. 115. 




Holes Jbrmed by an Earthquake. 

The most extensive elevation of land on record by means of earthquakes, 
took place on the western coast of South America in 1822. The shock was 
felt 1200 miles along the coast : and for more than 100 miles the coast was 
elevated from 3 to 4 feet ; and it is conjectured that on area of 100.000 
square miles was thus raised up. This case, originally noticed by Mrs. Gra- 
ham, and subsequently by Dr. Me5Tn and Mr. Freyer, has excited a great 
deal of discussion among European geologists; nor can it )'et be regarded as 
absolutely settled ; for Mr. Cumsning, an able naturalist, who resided at Val- 
paraiso at the time of the earthquake, (whose greatest power was exhibited 
there,) says that the spring tides rose to the same height upon a wall near 
his house after the event as before. Dtjclts Piin. Geol. Vol. 2. p. 302. 

Rem. 1 . In estimating the permanent effects of earthquakes, it ought to 
be recollected that the changes of level which they produce, often balance 
one another, after the lapse of a few months or years. 

Rem. 2. The number of earthquakes is probably about the saoMtf^at 
of volcanic eruptions, viz. about 20 annually. **^' 

Vertical movements of Land without Earthquakes, 

Descr. It seems to be pretty well established, that various 
parts of our present continents are subject to yertical mo^e- 



Digitized 



by Google 



8VBIIARINB F0RS8TS. 287 

BQftttt, sitter of eleTation or d«pi»88ion, or of boti^ in aJtema- 
tion ; Bod that too in districts not known to be subject to tke 
action of earthquakes, or of volcanic agency in any form. 

Exam. 1. Th6 moM certain example of elevatioii of an extw&riTse tract 
«f country in comparatively recent times, is that of the northern shores of 
the Baltic, investigated with ffreat ability by Yon Buch and Lyell. Some 
parts of the coast appear to have expenenced no vertical movement. But 
from Gothenburgh to Torneo, and fit)m thence to North Cape, a dis- 
tance of more than 1000 geographical miles, the eoantry appears to have 
been raked up from 100 to 900 feet above the sea. The breadth of the se- 
gion thus elevated is not known, and the rate at which the land rises (m 
9ome places towards 4 feet in a centuiy).is different in different places. Toe 
evidence that such a movement is takmff place, is principaHy derived from 
the she! Is of mottusca now living in the Baltic, being iband at the eleYaftiiNis 
above named ; and some of the oamacles attached to the rocks. They have 
been discovered inland in one instance 70 miles. ZjyeWs Prin, Geol. Vol. 

k2. Several examples are qtioted in England of devated 0ea beaclies with 
■ tne9«mains «f shells; such. as now occur in the ocean. Also in Italy^; at 
the Ca()e i»f Good Hope; and in the West Indies. But I majr be permitted 
to doubt whether some qjf these cases are not rather to be exfdained by dc|X>- 
sitions during the glacio-aqueous period ; since clay and sand of great thick- 
ness Were then deposited. Ye£ Prof. Phillips says, that in most of the cases 
ttnder <x>D8ideration, the sea shells oocur beneath the drift. If so, most it 
not be quite difficult to distingaish the ferawtion from the most recent ter- 
tiary 1 3. On the margin of Cubec Bay in the state of Maine, Dr. C.T. 
Jackson describes a deposit of recent shells, in day and mud, with the re- 
tttdtas of balani attached to the trap rock, 26 feet above the present high 
wajtof Bbark. SHtnt Report on^ the Iffeeiogf of MMne, p. 18. 4. A TemiarlNi«e 
case of subsidence 'SeenY pretty well esAablisfaed as having ^ccunred «n the 
coast of Greenland £)r a distance of 600 miles north and south, lof^s 
Prin. Geol Vol. 1. p. 490, 474. 5. The history of submarine forests fur- 
nishes another example of subsidence. But this phenomenon deserves a 
fiilltt description. 

Submarine Forests. 

Deser. Qa the shores of Great Britain, France, and the 
United States, usnafiy a few leet beneath low water marlC) then 
t>oear trees, stum]^ and peal, seeming to be ancieat tBwamps, 
wiiich have aahsidied beneath the waters, semetiiMt to tne 
depth of 10 feet. In many cases the stumps ajijiear to stand in 
the spots where they ongimdly ^w ; yet it requires great caxe 
to ascertain this fact. For localities^ see De La Becke\^ Maraud, 
p. 151. LyelN Prtn. ^eol. Vol. 2. p. 46. 80. Vol. 3. p. 315, 
ivnd Vol. 2. p. 140. FiTUbl'Report on the Geology ofMasMchvr 
setts, f. 307. 

Origiii of Submarine Forests. It as ptobable that this phe- 
n<»nenon results from several causes. 1. When the barrier be- 
tween a peat swamp and the sea is broken through, so that <he 
water may be drained off, a subsidence of several iwst may take 
]]taoe in the soft spongy matter of thfe swamp, sufficient to Mng 
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it under water. 2. From a ease which I have deaerifaed on 
Hogg Island, in Caseo Bay. Boston Journal of Natural His* 
iory, Vol 1. p. 338. I have inferred that some submarine 
forests may have been produced by the gradual removal of the 
contents of. a peat swamp, by the retiring tide, after the barrier 
between it and the ocean has been removed so as to form a 
slight slope into the sea. At the spot referred to, the process 
may be seen partly completed. 3. But probably most subma 
rine forests were produced by earthquakes, or other causes of 
subsidence, which we find to have operated on the earth's sur- 
htce : and the explanation of which will be better understood 
after the statement of more facts relating to igneous agency. 

7%ermal Springs. 

Descr, Hot springs are very common in the vicinity of 
▼olcanos : such as the well known geysers in Iceland. Some 
of these are intermittent, probably in consequence of theligency 
of steam within subterranean cavities. The great seyser con- 
sists of a basin 56 by 46 feet in diameter ; at the oottom of 
which is a well 10 feet in diameter and 78 feet deep. Usually 
the basin is filled with water in a state of ebullition : but occa- 
sionally an eruption takes place, by which the water is thrown 
up from 100 to 200 feet, until it is all expelled from the well, 
and there follows a column of steam with amazing force and a 
deafening explosion, by which the eruption is terminated. 
These waters hold silica in solution ; as do those of the Azore 
Islands ; and extensive deposits are the result. The coating 
over of vegetables by this siliceous matter, has given rise to 
the common opinion that certain rivers an^ lakes possess the 
power of ramd petrifaction. 

DescT. Thermal springs are not confined to the vicinity of 
Yolcanos. Thev occur in every part of the globe ; and rise out 
of almost every kind of rock. . They frequently contain enough * 
of mineral substances to constitute them mineral waters. But 
one of their most striking properties is the evolution of gas ; 
such as carbocic acid, nitrogen, oxygen, sulphureted hydrogen, 
&c. in a free state. 

Theory of Thermal Springs. When these springs occur in 
volcanic districts, their origin is very obvious. The water 
which percolates into the crevices of the strata, becomes heated ~ 
by the volcanic furnace below, and impregnated with salts and 
«ise8 by the sublimation of matter from the same focus. Dr. 
jDaubeny, who has devoted great attention to this subject has 
also endeavored to show that the thermal springs not in vol- 
eanic districts, in a large meyority of cases rise either from the 
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^einity of some uplifted chain of mountains, oi from ekfta aaij 
fissures caused by the disruption of the strata ] and therefore, 
in all such cases are probably the lestdt of deep seated volcanic 
agency, which may have been long in a quiescent state. If 
this view of the subject be not absolutely proved, it is at least 
extremely probable. Report on Mineral and Thermal WaierSj 
by Prof, Daubeny, 1836, p. 62. 

Extinct Volcanos, 

Descr. Many writers maintain that there is a marked dif- 
ference between the matters ejected from active and extinct vol- 
canos. It is said that the more modern lavas have a. harsher 
feel, are more cellular, and more vitreous in their arnpearance, 
and also less felspathic than the ancient. GirardivUs Constderor 
iion^ sur Its Volcans, p. 13. De La Beckers Manual p. 126. 
But it is doubtful whether any character will satisfactorily dis- 
tinguish them, except the period* of their eruption. -, 

Vescr, The extinct volcanos are of very different aees. 
'Some of them were active during the tertiary period, some dur- 
ing the glacial period ; and some since that time. The lava, 
especially in the most ancient, was not always ejected from 
conical elevations, so as to form regular craters, but along ex- 
tended fissures. In some instances, as in a mountain callea the 
Puy de Ch opine in Auvergne, which stands in an ancient crater, 
and rises 2000 feet above an elevated granitic plain, itself about 
2800 feet above the sea, there is a mixture of trachyte and un- 
altered granite. 

Exam, I. The extinct Yolcanos of Auvergne, and the south of France, 
have Ions excited deep interest ; and have been fully illustrated by Scrope, 
BakewelT, and others. Near Clermont, the landscape has as decidedly a 
▼olcanic aspect as in any part of the world ; of which Fig. 116 will convey 
some idea. 

Fig. 116. 




Extinct Volamoa: Autergne. 



3. Elxtinct volcanos exist also in Spaiin, in Portugal, in* Gerniany,*along 
the Rhine, in Hungary, Styria, Transylvania, Asia Minor, Syria, and Pal- 
estine. To the east of Smyrna in Asia Minor, is a region called the Bvmi 
District^ (Katakekaumena of the Greeks,) because it shows such strikinfi 
marks of extinct volcanos. In the valley of the Jordan, especially around 
Uke Tiberias, extending as &r northwest as Safed, volcanic rockjr abound, 
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vith wtrra ifrings mud ooeMioma eattlMittakM. HoUntn?! and SmiW0 
BiNkal Researches in PaLesUne, 4^. Vol. 3. p. 312. 

Descr. That the region occupied by the Dead Sea has been some time or 
other the seat of volcanic action, can hardly be doubted. For /f. lake so 
charged with saline matter as this, and furodudng bitumen, and having moie- 
ov«r clifis of xvick salt apon its man^, -with sulphur occasionally, and bein|r 
probably depressed more than 500 feet below the level of the Mediterranean , 
must be re&rred to such an agency. Robinson and Smithy Vol. 2. p. 221. 
And it has been usual to suppose that the five ancient cities, Sodom, Go- 
morrah, Admah, Zeboim, and Zoar, which undoubtedly occupied what is 
now the southern part of the Dead Sea, were destroyed by a volcanic erup- 
tion. There is a passage in the Book of Job, TChap. 22, v. 15 to 20.) which, 
if it refer to that catastrophe, lends much probability to this supposition. Dr. 
Henderson thus translates the pas8age4 

" Hast thou observed the ancient tract 
That was trodden by wicked mortals, 
Who were arrested on a sudden ; 
Whose foundation is a molten flood 1 
Who said to God, depart from us, 
What can Shaddai do to us ? 
Though he had filled their houses with wealth. 
(Far from me be the counsel of the wicked !) 
The righteous beheld and rejoiced, 
The innocent laughed them to scorn : 
Surely their substance was carried aw.ay, 
And their riches devoured by fire." 

Bern, It may still be doubted whether an eruption has taken place in the 
vicinity of the Dead Sea so recently as the time of the_ overthrow of the 
cities of the plain. Ind.eed, my own convictions are, after reading the ac- 
counts given us by modern travellers and missionaries, especially by Robin- 
son^and Smith, that this region is to be ranked among the extinct, and not 
among the active volcanos. Dr. Robinson states that the rocks which con- 
stitute the mountains around the Dead Sea, are limestone, and says that "he 
is not aware that the dark basaltic stones so frequent around the lake of Tii 
berias have even been discovered in its vicinity," except a large specimen of 
augitic vesicular lava, found by Rev. Mr. Hebard, near the inouth of the 
Jordan. Researches^ 4»c. Vol. 2. p. 221. I possess, however, a specimen of 
dark porous lava, presented to me by the Kev. Mr. Homes with this label : 
" from a raouud once surrounded by water on the shores of the Dead Sea." 
I understood from that gentleman, who, himself, picked up the specimen, 
that the mound, or hummock, was composed of the same. It is impossible, 
however, to determine from the appearance of a single specimen, whether it 
is the product of an active or an extinct volcano, or whether it may not 
belong to a still earlier period. It does prove, however, that igneous rocks 
have been protruded near the Dead Sea at a comparatively recent epoch. 
The specimen found by Mr. Hebard, of which I possess also a firagment, is 
more decidedly vesicular than I have ever seen any greenstone or basalt. 

Descr. " Professors Michaelis and Busching suggest, that Sodom and 
Gomorrah were built upon a mine of bitumen, that lightning kindled the 
combustible mass, and that the cities sunk in the subterranean conflagra- 
tion." Encyc. Relig. Knmoledge^ Art. Dead Sea. Messrs. Robinson and 
Smith have recently suggested this h3rpothesis anew, and more fully illus- 
trated it, by reference to the pitch lake of Trinidad, and the remarkable pro- 
trusion of an unmelted basaltic dyke in 1820, in the island of Bonda. Am. 
Bib. Repos. Jan. 1840, p, 24, also Biblical Researches in Palestine^ ^ Vei, 
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tp.€e9. See ObjecHans to Utis hfpolMsu h^ Dr. Lm. Am, BSk. Bipm. 
A^j 1840, p, 324. The principal difficulties in the way of thii hypothMia 
ar«^ nnt, to see how the bitumen, buried beneath a considerable thidtncss of 
soil, could have burnt rapidly enough suddenly to destroy the cities and 
their inhabitants ; and secondly, to conceive of a bed of bitumen so thick, 
as by iu combustion to sink the surface from the present high Water mark 
to the bottom of the sea. Dr. Robinson describes the high water mark 
as seen by him '*a great distance," south of the margin of the Sea at that 
time. The surface, therefore, must have suffered a great depression. 
Would it not somewhat relieve these difficulties to suppose volcanic action 
combined with the combustion of the Intumen. No geologist will doubt the 
correctness of Von Buch's qpinioD; that a &ult extends from the Red Sea 
through the valley of Arabah and the Jordan to mount Lebanon; and'' 
along that Assure we might expect volcanic agency to be active. But it 
might have produced very striking effects without the ejection of lava. 
Eaurthquakes sometimes cause the surface to sink down many feet, and 
flames have been seen to issue through the fissures which they produce. 
Thus might the iUme piis (literally wellM of aaphaUum,) have been set mi 
fire, immense volumes of steam, smoke, and suffocating vapors have been 
set at liberty, perhaps, too, the remarkable rid^e of rock salt called osdum, 
have been protruded, and finally, by the subsidence of the surface after the 
destruction of the cities, might the waters of the lake have flowed over the 
spot. In a similar manner was the city of Euphemia, in Calabria, destroyed 
in 1638. "After some time," says Kircber, who was near the spot, "the 
violent paroxysm (of the earthquake) ceasing, I stood up, and turning my 
eyes to look for Euphemia, saw only a frightful black cloud. We waited 
till it had passed away, when nothing but a dismal and putrid lake was to 
be seen, where once the city stood." Dr. Robinson has, indeed, made it 
aknost certain that the Dead Sea existed before the- catastrophe of Sodom, 
and that the Jordan, before that period, did not flow through £1 Gbor ana 
Arabah into the Red Sea ; but a sinking down of the surface a few feet 
' at that time, is not inconsistent with these facts. But I will not enlarge 
farther on a subject so difficult. Nor should I have said so much, haul 
not read the very accurate descriptions of that country by Messrs. Robin- 
son and Smith. 

Deic. According to Prof Parrot, Mount Ararat in Asia, is an extinct 
volcano. A specimen sent me by Rev. Justin Perkins from that moun- 
tain is decidedly vesicular lava. 

Ikscr. A large proportion of the lofty peaks of the Andes and the moun- 
tains of Mexico belong to the class of extinct volcanos : and it is very 
probable, from the statemenU of Rev. Mr. Parker and others, that a vast 
region between the Rocky Mountains and the Pacific Ocean is of the same 
character. For although he describes the prevailing rock as basalt, and 
only incidentally alludes to volcanic cones and craters, yet in personal con- 
versation he assures roe that regular craters are not unfrequent *, and hav- 
ing shown him specimens of trachytes firom the continent of Europe, he 
at once identified them with rocks found associated with the basalt of 
that region. 

Discr. The size of ancient volcanic cones and craters was 
often very large. 

Exam. In the middle and southern parts of France, extinct volcanos 
cover several thousand square miles. Between Naples and Cumea, in the 
snsee of 900 square miles, according to Brieslak, are 60 craters ; some of 
tfiem larger than Vesuvius. The city of Cumea has stood three thousand 
yean in a crater of one of these volcanos. Vesuvius stands in the r '-^ 
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of A Twt crater, whose remains are ttill Tisible, called Somna. The 'vot- 
canic peak of Teneriffe stands in the centre of a plain, coverins 106 square 
miles, which is surrounded hy perpendicular precipices and mountains, 
which were probably the border of the ancient crater. According to Hum- 
boldt, all the mountainous parts of Q,uil,p, embracing an area of ^00 square 
miles, may be considered as an immense volcano, which noyr gets vent 
sometimes through one, and sometimes through another of its elevated 
peaks; but which must have been more active in former times, to have 
produced the results now witnessed. We have seen that the great volcano 
of Kirauea, on the Sandwich Islands, is surrounded by two circular walls, 
one 15 and the other 20 miles in circumference ; 'which must have markea 
the limits of the crater in early times. Two other ancient craters exist in 
the island of Maui, one 24 and the other 27 miles in circuit. QnUkoy an 
Coral IbrmaUonSj p. 9 

Inf. From such facts it has been inferred by many geolo- 

S'sts, (ex. gr. Poulett Scrope, Bakewell, Phillips, Brongniart, 
irardin, &c.) that volcanic agency in early times was more 
Dowerful than at present ; and uiat it is gradually diminishing. 
Mr. Lyell, however, considers this view as entirely erroneous ; 
and quotes the eruption from Skaptar Jokul, in 1783, as eyialr 
ling any that is known to have occurred in ancient times* 
LyeWs Frin. Geol. Vol. 2. p. 254. 

TTte Older Unstraiifitd Rocks. 

Rem. So rapid has been the change of opinion respecting the origin of 
the unstratified rocks, that from an idmost universal belief in their deposi- 
tion from water, geologists are now nearly or quite unanimous in ascrib- 
ing them to igneous agency. A brief summarv of the arguments that sus- 
tam this latter opinion, will be, therefore, all that is now neoessaiy to 
present. 

Prin. The different unstratified rocks appear to be the re- 
sult of volcanic agency, exerted at different periods under dif- 
ferent circumstances. 

Proof 1. Identity of lithological characters between recent 
lavas and several varieties of unstratified rocks. The amygda- 
loids of the trap rocks often exactly resemble those vesicular 
lavas which are cooled in the open air : while the compact trap 
rocks can scarcely be distinguished from the compact lavas or 
submarine production. Some varieties of trachyte very much 
resemble granite ; and the two rocks often passjnsensibly into 
each other : so that it is difficult to say whether trachyte be 
melted granite, or a portion of the materials out of which granite 
was originally produced, pooled in a different manner. 

Pro^ 2. The insensible gradation of the different unstrati' 
fied rocks into one another. In the same continuous mass we 
find a gradual passage from trap into all the other unstratified 
rocks ; so that tne same general cause that produced one variety, 
must have produced the whole; It is very rare, however, that 
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coarse granite, destitute of hornblende, graduates into trap rocks 
of the same age. In general, they appear to have been formed 
at different epochs. Maccullochls &ysUm of Geology^ Vol, 1. 
p. 157. 

Rem. It must not be infemd from this statement, tliat aU the unstrati- 
fied rocks have resulted from the same melted mass, cooled under differ- 
ent ciiteumstances: for the difference in their chemical composition is too 
great to admit of a such conclusion. See Section 4. p. 78. 

'Proof 3. The mode, of occurrence of the unstratified in relor 
tion to the stratified rocks. We have seen, (section lY.) that 
the former exist as protruding, intruding, and overlying masses, 
and occupying veins in the latter. Now these are the precise 
modes in which recent lava occurs when connected with strati- 
fied rocks : whereas no example can be produced in which rocks 
have been made to take these forms by aqueous agency. In- 
deed, it is difficult to conceive how this would be possible. 

Proof 4. The columnar structure of the trap rocks. This 
structure is not uncommon in lavas. The experiments of Mr. 
Watt also, upon 700 pounds of melted basalt, which on cooling 
assumed the columnar form, as detailed in section lY, confirms 
this view : whereas no example of such a structure from aqueous 
agency has ever been found. 

Proof 5. Tht crystalline structure of some of the unstrati- 
fied rocks. When several substances are contained in an 
aqueous menstruum, it is difficult to make them crystallize ex- 
cept in succession ; whereas in granite the different ineredients 
appear to have crystallized simultaneously. And if the mate- 
rials of granite, or of glass, be melted and slowly cooled, espe^ 
cially under pressure, mosl; if not all the ingredients will assume 
more or less of a crystalline form at the same time. 

Proof 6. The mechanical effects produced by the unstratir 
fied upon the strcutified rocks. In the vicinity of veins and irrcr 
gular masses of the unstratified rocks, the stratified ones are 
bent and twisted in every conceivable manner, and sometimes 
broken entirely. Not unfrequently also, fragments of the strati- 
fied rocks are broken off and entirely imbedded in the veins of 
the unstratified. In almost every case an upward or a lateral 
force appears to have been exerted; showing that the veins 
were filled from beneath. For examples. See MaccullocKs 
Geology of Qlen Tilt in the geological transactions. Also his 
Geology of the Western Islands: Also Final Report on the 
Geology of Mass. p;?. 414, 416, 418, 464, 4-c. Fig 117, shows 
a vein of greenstone, or indurated wacke, passing through a 
ledge of sandstone near New Haven, on the road to Middk- 
town, the sandstone being bent upwards.- 
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Fig. 117. 




Proof 7. The chemical effects produced upon the stratified 
rocks by the contact of the unstratified. These effects are pre- 
cisely the same as those produced by dykes of recent lava. 
Thus, compact fossiliferous limestone and chalk, where dykes 
of trap rocks, porphyry,^ and granite pass through them, are 
changed into crystalkne limestone : shale aUd sandstone are in- 
durated and converted into siliceous slate or jasper; as at 
Nahant, Mass. Newport, Rhode Island, and Rocky Hill, near 
Hartford, Ct : micaceous sandstone and other slaty rocks are 
changed into mica slate, or hornblende slate. Now these are 
effects that could not result from any other agency with which 
we are acquainted except heat And in respect to chalk, an ex- 
periment of Sir James Hall is decisire. He confined some of 
It in a strong iron tube, and subjected it to a strong heat ; which, 
liberating the carbonic acid, produced a powerful pressure, and 
the resiut was crystallized carbo])ate of lime. BakewelVs 
Geology, p. 146. 

Obj. The older unstratified rocks present no example of a 
Tolcanic cone or crater. 

Ans, 1. They appear in general to have been produced by 
a force actings along extended fissures, and not directed to par- 
ticular foci 2. If these cones and craters once existed, the 
powerful denuding agencies that have operated on the globe 
may have destroyed them. 

Prin. The greater degree of crystallization in the older un- 
stratified rocks, may be explained, by supposing a more jperfect 
fusion of the materials than in recent lavas, and greater slow- 
ness in cooling, under perhaps the more powerful -pressure of a 
deep ocean. 

Temperature of the Globe. 

Prin. The principal circumstances that determine the temr 
peratuze of the globe and its atmosphere, are the fdlowing : 1 
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Infiuenee of the son. 2. Neliure of the sarface. 3. Height 
above the ocean. 4. Temperature of the celestial spaces around 
the earth. 5. Temperature of the interior of the earth, inde- 
pendent of external agencies. 

1. Solar heat. The solar rays exert no influence as a eeneral 
fact, at a greater depth .than about 100 feet. (Baron Fourier 
mentions 130 feet as the maximum depth : Poisson fixes it at 
76 feet Am. Jour, Science, Vol, 32. p, 5, and Vol, 34. p. 59.) 
A thermometer placed at that depth, remains stationary all the 
year. The diurnal effect does not extend more than 3 or 4 
feet In receding from the tropics, the amount of solar heat 
diminishes. During six months it continues to increase, and to 
diminish the remaining six months. The decrease of the mean 
temperature from the equator towards the poles, is nearly in 
the proportion of the cosines of latitude. Prof Forbes has re- 
cently made some observations near Edinburgh, from which it 
appears that the oscillations of annual temperature would cease 
at the depth of 49 feet in trap tufa, 62 feet in incoherent sand, 
and 9 1 feet in compact sandstone. American Journal ofScienc€j 
Vol. 38. p. 109. 

Ran. Solar heat is the ftrndamental element on which de{>ends the aur- 
fice temperature of the globe and the character of the climate. 

Prin. The amount of solar heat is actually though very 
■Ughtly diminishing in consequence of a change in the eccen- 
tricity of the ea^'s orbit The possible amount of this diminu- 
tion IS not known, because the limits of the eccentricity of that 
orbit are not known. Biyt there is no probability that the an- 
nual temperature ever has changed or ever will' change from 
this cause, more than 3^ or 4^. Am. Jour. Sci. Vol. 36. p. 332. 
Hence this cause is insufficient to account for the extra-tropical 
heat of the present cold regions of the earth in early times. 

2. Nature of the • surface. The radiating ana absorbing 
power of land is quite different from that of water. Ice ana 
snow are still more different ; and the nature of the soil affects 
sensibly its power to imbibe or give offbeat. Hence low islands 
have a higher temperature than larger continents in the same 
latitude ; and the ocean possesses a greater uniformity of climate 
than ^e land. 

Rem. On these fiusts Mr. Lyell has founded an h]rpothesis for explain < 
ing the high temperature of the surface of the globe in northern latitudes 
in earl^ times. He suppoms that but little land then existed in the north- 
em parts of the globe, and that this produced so great an eleyation of tem- 
perature, above what it is at present, that tropical plants and animals 
might then have inhabited regions now subjected to almost perpetoal wintcv* 
That the quantity of dry land in the northern hessispheie OYtring the de- 
position of the outer fossiliferous rocks was much less than at present, is 
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yvrj probftble; and that thb woaM idnier the cfimate wanneff and DMhs 
uniform is made certain by comparing the clhnate of Great BiHain with 
that of the United States. But that from thia cause the climate of Canada, 
of the Nortli West Coast of America, between 60° and 70^ of North Lati- 
tude, and even of Greenland and MelTille Island, where the thermom- 
eter now descends to 58^ below zero, was so mild and uniform as to pro- 
duce tropical fern^, lepidodendra, &c. is a position which will need strong 
proof; especially when we recollect that for several months annually they 
inust have been most of the time in darkness. Those, howeTer, who wish 
to see this hypothesis ably defended, may consult Jbt/eWs Frin. GioL VoL 1. 
p. 160, 4^, 

3. Height above the ocean. The tempentture of the air di- 
minishes one degree (Fahr.) for 300 feet of altitude : two de- 
erees for 595 feet: tnree demes for 872 feet: four degrees 
for 1124 feet: five degrees for 1347 feet: and six degree* 
for 1539 feet. Hence at the equator perpetual frost exists at 
the height of 15.000 feet, diminishing to 13.000 feet at either 
tropic. Between latitudes 40^ and 59"^, it varies from 9000 to 
4000 feet In almost every part of the frigid zone this line de- 
scends to the surface. These results, however, are sreatly 
modified by several circumstances : so that in fact, the une of 
perpetual congelation is not a regular curve, but rather an irre- 
gular line descending and ascending. American Journal of 
Science, Vol. 33. p. 52. Introduction a la Geographie Mather 
ffiatique et Physique, par 8. F. Lacroix, ]». 289. 

4. Temperature of the celestial spaces around the earih.'^ 
This cannot be much less than the ^temperature around the 
poles of the earth ; where the solar heat has scarcely no in- 
fluence. Now the lowest temperature hitherto observed on the 
globe, (at Melville Island,) is 58^ below zero : and this has been 
assumed as the temperature of the planetary spaces. Hence it 
follows that there must be a constant radiation of heat from the 
earth into space. 

5. Temperature of the interior of the Earth, Independent 
of External Agencies. 

Prin. In descending into the earth, beneath the point where 
It is affected by the solar heat, we find that the temperature 
regularly and rapidly increases. 

Proof 1. The temperature of springs which issue from the 
rocks in mines, as shown in the following table. 
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Temperature of Springs in Mines. 



COUNTRIES. 



8«zony, 



BntUny, 



CornwaH, 
Mexico. 



MINM. 



|i2 



= s 

p 



£*« i 



I 



Lead and SitTer Mine of 

Junghohe Birk. 

do of Beschertgluck, 

do do 

do Bfimmeifidut, 

do Kuprins, 

do PouUauen, 

do do 

do do 

do Hueleoet 

do • oo 

do da 

do do 

Dolcoath Mine, 
GKiana±ato, Silver Mine. 



256 
712 
840 
735 
634 
128 
246 
459 
197 
962 
394 
755 
1440 
1713 



48«»9 

54.5 

56.8 

57.9 

80.1 

53.4 

53.4 

5a3 

54. 

59. 

59. 

67-5 

82. 

98.2 



46S 
46.4 



52.7 
51.8 

50. 



I«a4 

87. 

8a7 

633 

18.8 
182. 
351. 
80. 
89.5 
36.4 
54.7 
48.4 
45. 
45.8 



Proof 2. Temperature of the rock in mines ; %b shown in 
t1i4 following table. 



00nMTRI£8. 



¥ 



I' 



m 



&\ 



1. Inloose matter near the face of the rock. 



United Copper Minee, > 
Coal Pit of Ravin, 

do of Caatellan, 
doofSt. Charlei, 
do of St. Jacoln, 
do do 



Cornwall, 
Carmeaux > 
France. ) 

Littiy, do. 
Decise, do. 

do. do. 

S. In the rock near Us mrf ace. 



1142 


8T>.4 


50O 


1201 


88. 




697 


62.8 


58 


630 


67.1 


62 


325 


61. 




351 


64. 




561 


71.7 





Mine of Bewheitgluek, 
do do 

do do 

do do 

do do 

do do 

3. llwee fset i^vree i7idi£S wWvin the rock. 
Dokoath Mine. Reg-) 
later kept 18 Months.'! 



Saxony, 



Cornwall, 



591 


52.2 




813 


59. 


464 


236 


47.7 




562 


55. 




880 


59. 




1246 


65.7 





Saxony, 



Lead and Silver Mine i^ 
ofKurpinx, \\ 

do 

do 



1381 

413 

686 
1063 



75.6 

59.6 

62.5 
67.7 



50. 



305 
31.1 
55.3 

408 
36.1 
29.2 
28^ 

101. 
#7. 

174.7 
68.7 
69.8 
64.4 



64. 

31.3 

42.6 
48j9 
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TBUPKRATITRS Of ARTSSIIM WBlLfl. 



In a eoniay at Wigan, in LaneadiifQ, England, at IGO feet dcep^ Hm 
temperature was constantl;^ 63°: at 450 feet, it Was 56^75; at 750 feet il 
was 63°. This would mve an increase of one degree fer eTery 48 feet 
Am. Jmi/r. of Science^ Vol. 34. p. 36. 

A single experiment in tlie deepest coal mine in Great Britain, near Sun- 
derland, gave the following results : depth of the (dace of observation, 1584 
feet: Wow the level of the sea, 1500 feet Mean annual temperature at 
the sur&ce, 47°6 : temperature on the day of observation, (Nov. 15, 1834.) 
49°: do. of the air at the bottom of the pit, 64° : close to the coal, 68° : do. 
of watei collected at bottom, 67° : do. of salt .water issuing from a hole 
made the same day, 70°1 : do. of gas rising through the water, 72°6 , do. 
of the front .of the coal, 66°: do. of the same, left in a bore hole fer a week, 
71°3. Hence the heat increases at the rate of about a degree {ot every 60 feet. 

Proof 3. Temperature of Artesian Wellsy as shown in t&e 
following table. 



LOGAUTISa. 


.s . 


2is 


is 




Paris : Fountain de la Garde St. Ouen 


216 


51°1 


55°2 


52.7 


Do. near the Bi^ere de Grenelle. 


1800 


51.1 


83. 


50. 


Dept. du Garde et des Pas Calais 
Fonntain ArtesienDe de Manniette. 










184 


50.5 


54.5 


46. 


Do. d*Aire. 


907 




55.9 . 


38.3 


Do. de St. Tenant. 


328 




57.2 


49. 


Sfaeemess, En^and, mouth of the Med- 










way, 


361 


50.9 


59.9 


40.1 


Tours. 

A well at La Rochelle, 


459 


52.7 


63.5 


42.5 


369 


53.4 


64.6 


33. 


Near Berlm, Prussia, at 


675 


49.1 


67.66 


36.3 


Do. the same well, at. 


516 




63.95 


34.7 


Do. do. at. 


392 




62.^2 


28.5 


Near New Brunswick, N. Jersey, at 






) 




the depth. 


250 




52. . 


73. 


do. at. 


394 




54.) 




Booth Hadley, Mass. 


180 


46.7 


52. 


34. 



Rem, 1. -Near Vienna, in Austria, are from 40 to 50 Artesian Wells, 
whose temperature varies from 52° to 58°; the mean temperature at the 
surfece being 50°54. At Heilbronn in Wurtemburg, five wells sunk from 
60 to 112 feet, have a temperature of 55°. 

Rem. 2. Artesian wells have lately been applied with success in Wur^ 
temburg, to prevent frost from stoppmg machinery, which was moved by 
running water; and also fer warmmg a paper manufactory. Who knovrs 
but this application m«j prove of immense benefit to some regions of the 
globe 1 mddand^s Bridgewater TYeoHse^ Vol. I. p. 567. 

Proof 4. lytermal springs. Vast numbers of these occur 
in regions far removed from any modern volcanic action ; gene- 
rally upon lofty mountain rangeg ; as upon the Alps, the PyM- 
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sees, Caucasus, tlie Osark mountains in this country, wLere are 
marly 70, &c« Their temperature varies from about summer 
heat nearly up to that of boiling water. Nor can their origin 
be explained without supposing a deep seated source of heat in 
the- earth. This argument is not indeed, as direct and conclu- 
sive as those previously mentioned, but it confirms the others. 
Proof 5, jThe existence of numerous deep seated volcanos. 
This argument is of the same kind as the last, and does not 
need any farther illustration here. 

Proof 6. Not one exception to this increase ofiniernaX temr 
perature has ever occurrtdj where the experiment has been made 
in deep excavations. ^ 

Inf. 1 . The increase of temperature from the surface of the 
earth downwards, does not appear to be at the same rate in all 
countries. The mean of all the observations recorded in the 
preceding tables, which have been made in England, gives 44 
reet for a change of one degree. In s(»ne mines in France, the 
increase is much slower, and in a few it is faster. The mean ie 
reckoned at about 45 feet for each degree. In Mexico, accord- 
ing to the only observation given above, it is 45.8 feet. In 
Saxony it is considerably greater, not far from 65 feet to a de- 
gree. The few observations in this country given in the pre- 
eedine table, indicates an increase of 54 feet to a degree. 

Inf. 2. The average increase for all the countries where ob- 
servations have been made, is stated by Kupffer, to be 36.81 
feet for each degree. Edinburgh Journal of Science, April^ 
1832. 

Inf. 3. At this rate, and assuming the temperature of the 
surface to be 50^, a heat sufficient to boil water would be reach- 
ed at the depth of 5962 feet, or a little more than*^ mile : a 
heat of 7000^, sufficient to melt all known rocks, would be 
reached at 48 miles ; and at the centre of the earth, it would 
amount to 577.000°. Cordier's Essay on the Temperature of 
the Interior of the Earth. Amherst^ 1828, p. 73. Moffalfs 
Scientific Class Book, by Prof. Johnson, Philadelphia, 1836^ 
Vol. 2. p. 311. 

Rem. It has been thought by many, and probably with rea- 
son, that the rate of increase in the subterranean neat, as de- 
duced by Kupller, is too rapid. From careful observation 
upon the Artesian Wells of Scotland, Dr. Patterson finds the 
mean increase to be one degree for every 47 feet : and from a 
more extended comparison given in Jameson's Journal, (April 
to July, 1839,) the mean increase is one degree for 65 feet : per- 
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liaps tlie rate of 45 feet to a degree, fixe^ ^V^J^ ^J tlie Britisli 
Association, ought to be considered the best nitherto obtained. 
Inf. 4. From the preceding facts, and other collateral evi- 
dence, it has been inferred that all the interior of the earth, ex- 
cept a crust from 50 to 100 miles thick, is at present in a state 
of fusion : that originally the whole globe was melted, and that 
its present crust has been formed by the cooling of the surface 
by radiation. 

lOus. Fig. 118 is intended to represent the proportion of melted and 
unmelted matter in the earth, agreeably to the above inference ; and on 
the supposition that the solid crust is 100 miles thick. This is shown by 
the broad line that forais the circumference. According to the mean in- 
crease of subterranean heat stated aboYO, this crust shomd be only half as 
thick.^ 

Fig. 118. 




Proof 1. Until some fact can be adduced showing that the 
heat of the earth ceases to increase beyond a certain depth, 
nothing but hypothesis can be adduced to prove that i"* ^oes not 
go on increasing, until at least the rocks are all melted : for 
when they are brought into a fluid state, it is not difficult to see 
how the temperature may become more equalized through the 
mass, in consequence of the motion of the fluid matter ; so that 
the temperature of the whole may not be greatly above that ol 
fused rock. Now if the hypothesis of internal fluidity have 
other arguments (which follow below) in its favor, while no facts 
of importance sustain its opposite, the former should be adopted. 
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Proof 2. It appears from the experiments and profound 
mathematical reasoning of Baron Fourier, that even admitting 
all the internal parts of the earth to be in a fused state, except 
a crust of 30 or 40 miles in thickness, the effect of that internal 
heat might be insensible at the surface, on account of the ex- 
treme slowness with which heat passes through the oxidized 
crust. He has shown that the excess of temperature at the sur- 
face of the earth, in consequence of this internal heat, is not 
more than *l-17th of a degree, (Fahr.) nor can it ever be re- 
duced more than that amount by. this cause. This amount of 
heat would not melt a coat of ice 10 feet thick, in less than 100 
years : or about one inch per annum. The temperature of the 
surface has not diminished on this account, during the last 2000 
years, more than the 167th part of a degree : ana it would take 
200.000 years for the present rate of increase in the temperature 
as we descend into the earth, to increase tlie temperature at the^ 
surface one degree : that is, supposing the internal heat to be 
500 times greater than that of Doiling water. From all which 
it follows, that if internal heat exist, it has long since ceased to 
have any effect practically upon the climate of the globe. An- 
nals de Chimie et de PhysiquBj No. 27. American Journal of 
Science, Vol. 32. p. 1. Phillipis Treatise on Geology, VoL 2. 
p. 275. 

J7em. These results of Fourier require the application of veiy profound 
mathematical inyestigations. And it may not ue amiss to mention that 
the late lamented Dr. Bowditch informed me, that he had followed Fou- 
rier through all his intricate analyses of this subject ; and that the reason- 
ing was entirely conclusive : nor did he conader his results at all invali- 
dated by the papers of Prof. Parrot, which he had also read. Those of 
M. Poisson, in opposition to Fourier, have appeared since Dr. Bowditch's 
death. 

Proof 3. The existence of 300 active volcanos, and many ex- 
tinct ones, whose origin is deep seated, and which are connected 
over extensive areas. If these we're confined to one part of the 
globe, or ii after one eruption the volcano were to remain for- 
ever quiet, we might regard the cause as locid and the effect of 
particular chemical changes at those places, aided perhaps by' 
electro-magnetic agencies. But if the internal parts of the earth 
are in a melted state, that is, in the state of lava ; and if this 
mass be slowly cooling, occasional eruptions of the matter ought 
to be expected to take place by existing volcanos. Assuming 
the thickness of the earth's crust to be 60 miles, the contraction 
of this envelope one 13.000th of an inch, would force out matter 
enough to form one of the greatest volcanic eruptions on record. 
More probably, however, the percolations of water to the heated 
jiueleus, or other cause of disturbance, more frequently produces 
WBL eruption than simple contraction. 
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Other Hffoiheses of Vekamc Action. 

• Hypothem of the metalloids. This hypothesis, originsSy 
UK^posed, though subsequently abandonea, dv Sir Humphrey 
Davy, supposes the internal parts of the earth, whether hot or 
cold, fluia or solid, to be composed in part of the metallic bases 
of the alkalies and earths, which combine energetically with ' 
oxygen whenever they are brought into contact with water, 
with the evohition of light and heat. To these metalloids water 
occasionally percolates in large quantities through fissures in 
the strata, and its sudden decomposition produces an eruption. 
Dr. Daubeny, the most strenuous advocate of this theory at the 
present time, has brought forward a great number of considerar 
* tions which render it quite probable that this cause may often 
be concerned in producing volcanics^henomena, even if we do 
not admit that it is the scSe cause. Daubeny on Volcanos. ~ 

Rem, 1. It ii hiCereitiBg to notice how the hypothesis of eeafml hest, 
et lbs Mechanical TbecHry of Cordier, a» it 10 often caUed, and this 
Chemical Theory of Daubeny, m^J almost equally well to the explana- 
tion of volcanic phenomena. Both agree as to the necessity of water 
hehiff brought in contact with a heated mass in the earth. Both explain 
eqinSly wA\ the formation of vapor, the extrication of gases, and the sttb> 
Kmstion of solphar, salts, &c. ^ Both show why volcanos are usaatly in 
the vicinity of water ; " why their action is intermittent, and why the vol- 
canic power appears to have decreased in energy. The constantly active 
veleanos, especially such an one as Kirauea, are more difficult to explain 
hy^ the chemical theory. It must also be considered a strong objection to 
teis hypothecs, that silicwn, the most abundant of all the metalloids in the 
sarth, ** is incombostible in air and in oxygen sas ; and nucy be exposed te 
the Hame of the blowpipe without fusing, or nndersoing any other change.*' 
TVffMr's Chemtstryt p. 323, and that aluminium, the most abundant metal 
in the earth next to silicein, " is not oxidized by water at common tem- 
peratures : though on heatin? the water to near its boiling point, oxidation 
of the metal commences :-^e oxidation, however, is very slight." 7W- 
ner, p. 316. 

Rem. 2. There is not necessarily any discrepancy between these two 
theories : for admitting even igneous fluidity in the earth, the nucleus may 
neverthelesa be metals uncombined. Hence some distinguished advocates 
for the doctrine of central heat, have also adopted partiaTiy or wholly the 
other theory. Ex. ^r. De la Beche^ in his Theoretical Geology ; and Pro- 
fessor PhilUpSf in his Treatise on Geology in the Encydopadia Brittanica. 

Modified Chemical Theory. Some geologists have called in 
the aid of electricity to assist in the decompositions and recom- 
positions that result from volcanie agency. By this means the 
temperature, of the uncombined metals is raised, so as to cause 
them to become more readily oxidized. This is the view ad- 
vanced by Mr. Lyell. Principles of Geology, Vol, 2. p, 449. 
This hypothesis includes of course, as one of its elements, the 
Mudieip hypothesis of Lemery and others, who imputed voleanic 
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plienoBieaa to the combustion of coal, bitiuaan, &c and tlia de- 
composition of the sulphate of the metals. ^ For an cbct&wni of 
tmrnertms modifications of opinion respecting the cause of vol" 
canic agency, see Girardin Snrles Volcans, p. 84. 

Proof 4. The Spheroidal Figure of the Earth. Its form is 
precisely that which it would assume, if while in a fluid state, 
it began to revolye on its axis with its present velocity ; and 
hence the probability is strong that this was the origin of its 
oblateness. But if originally fluid, it must have been igneous 
fluidity : for since the solid matter of the globe is at present 
50.000 times heavier than the water, the idea of aqueous nuidity 
is entirely out of the question. 

Otker supposUiansi 1. Some maintain that the earth was created in its 
present oblate form. This ia indeed possible; because God could have given 
It any form he pleased. But there is no proof that such was the fact : while 
on tne other hand, we may always assume that whenever we can see natural 
causM fi>r natural phenomena, they were produced by those causes < unle«i 
we can see some reason ioi special Divine interference. 2. Sir John Her^ 
■chel has suggested the possibility of accounting for the flattening at the poles, 
by causes now in action ; though Sir Jolm does not maintain that such w^ 
actually the mode in which it took place. He supposes the earth to have 
been created a uniform sphere, covered by an uniform ocean : and to have 
commenced a rotation on its axis, as at present. The water of course would 
rush towards the equator, leaving the polar regions dry, and very much ele- 
vated. But as this great equatorial ocean wore down its shores, the land 
would gradually be canried towards the equator, and spread over the bottom 
of the sea, and ultimately be elevated so as to form the present eonCinents. 
It is hardly necessary to say, that the present distribution of land and water, 
and the form of continents, do not accord with such a mode of formation : 
and so improbable is the idea that two vast continents, around the poles, 
with a height of nearly 12 miles, have been thus worn down and carried 
thousands of miles towards the equator, that though theoretically possible, it 
must be regarded as practically impossible. Prof. PhiUips^s TVeatise on 
Geology J p. S. 

Proof 5, The tropical and ultra tropical character of or- 
ganic remains found in high latitudes. If the globe has passed 
through the process of refrigeration, as the hypothesis of origi- 
nal igneous fluidity implies, there must have been a time, be- 
fore reaching its present statical condition, when the surface had 
the high temperature denoted by these remains : and that period 
must have been very remote ; since no essential change of temr 
perature from internal causes has taken place for thousands of 
years. A climate, also, chiefly dependent on subterranean 
agency, would be more uniform over the whole globe, than one 
dependent on solar influence ; and such appears to have be«i 
the cUmato of those remote ages. Hence we may reasonably 
impute that temperature to internal heat ; if some other mora 
probable cause cannot be found. 

22 
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Other Suppositions. 1. It has already been stated, that Mr 
Ljrell has proposed an hypothesis, dependent upon the relative 
height of tana in high latitudes at diffewnt periods, to explain 
the tropical character of organic remains, without the aid of 
secular refrigeration. But that hypothesis has been already 
sufficiently explained. 2. Another hypothesis has been ad- 
yanced with much confidence by certain writers, not however 
practical geologists, to the same effect It supposes these or- 
ganic remains to have been drifted after death from the torrid 
zone. But their great distance in general from the torrid zone, 
the perfect preservation, in many cases, of their most delicate 
parts, with other evidences of quiet inhumation near the spot 
where they lived, such as the preservation in several cases of 
the softer parts of the animals, render such a supposition wholly 
untenable. 

Proof 6. The fact that nearly all the crust of the globe has 
been in a melted state. As to the unstratified rocks, there will 
scarcely be a dissenting voice among geologists, to the opinion 
that they are of igneous origin, and have been melted. As to 
the detrital, or fossiliferous rocks, also, it will be admitted by 
all, that they were originally made up of fragments derived 
from the primary stratified or unstratified rocks ; and that con- 
sequently, so far as derived from the latter, they have been 
melted. And in regard to the primary stratified rocks, also, 
although there are two different theories as to the mode in which 
they have been produced, yet both admit either of the entire 
fusion of these rocks, or of their having been so highly heated 
as to be able to assume a crystalline arrangement. Hence if 
the entire crust of the globe has been fused, it is a fair pre 
sumption that it was the result of the fusion of the whole globe 

Proof 7. This theory furnishes us with the only knovm adt 
quote cause for the elevation of mountain chains and continents 

Other supposed causes of elevation, 

1. Earthquakes. Examples have been given in another plaeie. 
(p. 236.) of small and limited elevations of land, produced by 
earthquakes. And it has been maintained that an indefinite 
repetition of such events might elevate the highest mountains, 
if they took place on no larger* scale than at present. But it 
seems to be satisfactorily proved, that some elevations at least, 
such as those producing tne enormous dislocations in the north 
of England, have occurred to an extent of several thousand feet 
by a single paroxysmal effort ; whereas the mightiest effects of 
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a modern earthquake have produced elevations only a few feet; 
and in most cases the uplifted surface has again subsided. 
Again, there is little probability that a succession of earth- 
quakes should take place along the same extended line through 
80 many ages, as would be necessary to raise some ^existing 
mountain chains. Earthquakes may explain some slight ver- 
tical movements of limited districts ; but the cause seems alto- 
gether inadequate to the effect, when applied to the elevation 
of continents. 

2. Expansion of the rocks hy heat Col. Totten, who is now 
at the head of the Topographical Bureau in this country, has 
made some accurate experiments on the expansion of rocks by 
heat. A block of granite, five feet long, by a change of tem- 
perature of 96° F. expanded 0.027792 inch : crystalline marble, 
0.03264 inch : sandstone, 0.054914 inch. By these data it ap- 
pears, that were the temperature of a portion of the earth's crust 
10 miles thick, to be raised 600°, it would cause the surface to 
rise 200 feet. This would be a greater thickness than could 
be produced by the accumulation of detritus at the bottom of 
any ocean, whose temperature might be raised on the hypothe- 
sis of Prof. Babbage. Yet a still greater thickness might be 
heated, provided any new and extensive foci of heat should be 
produced deep beneath the surface of the globe. Still this ac- 
cession of heat would finally be dissipated by radiation ; and 
then the surface would again subside. This cause, therefore, 
though it may perhaps explain such vertical movements of par- 
ticular regions as are taking place in Scandinavia, Greenland, 
Italy, England, &e. i^eems inadequate to account for the per- 
manent elevation of large continents. If they had been raised 
in this manner, and the same remark applies to some extent to 
earthquakes, we should hardly expect to find several distinct 
systems of elevation on the same continent, nor so many exam- 
mes of vertical strata. Ninth Bridgewater Treatise^ hy Prof, 
Babbage, p. 193, Am. Ed. 

3. Unequal contraction and expansion of land and wafer by 
cold and heat. Assuming the mean depth of tlie ocean to be 
10 miles, and that it had cooled from boiling heat to 40° F. its 
volume would contract about 0.042 ; while the contraction of 
the land would be only 0.00417. This would produce a sink- 
ing of the ocean of 697 feet. Phillipiis Geology, p. 277. An 
increase of temperature would produce an opposite effect : viz. 
the partial submersion of the land; though it would be- less 
than the desiccation, because of the greater area over which 
the water would How. Admitting these changes of temperature 
to bare taken place; and the theory of central heat supposes 
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tbe former, that is, the refrigeration, they could not account for 

the desiccation of the globe, because the tilted condition of the 
strata shows that the land has been raised up: whereas this 
theory implies a mere draining of the waters. 

4. A change in the position af the poles of the globe,. This 
hypothesis, — not long since so much in vogue, — ^would explain 
how continents once beneath the ocean are now above it, u we 
admit the form of the earth before the change, to have, been the 
same as at present : viz. an oblate spheroid. But-it would not 
explain the tilted condition of the strata, nor is it sustained by 
any analogous phenomena which astronomy describes.- 

JElevation hy Central Heat, * 

First mode. It is possible to conceive that volcanic power, 
acting as at present, but with vastly greater intensity, might 
have lifted up continents : for their elevation, in part at least, 
appears to have been the result of local forces acting beneath 
the earth's crust. 

Second mode. A more probable hypothesis, suggested by 
Beaumont, imputes the present ndged and furrowed condition 
of the eartVs surface to a collapse of its consolidated crust upon 
its contracted interior nucleus. This may be illustrated by 
Fig. 119. 

Fig. 119. 




The puts; ciicle represents the crast'of the earth, after it had heoome con- 
solidated ahoTC tils hquid mass within. This heated nucfeus would go oq 
contracting as it cooleo, while the crust would remain nearly of the saoe 
nze. At length, when it becasid necessary for the crust to accommodate it< 
•elf to the Bucleus, contracted say to iuc *iiner circle, it could do this only by 
&lling down in some places and rising in others \ f • ^ represented by the 
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irregular iiiie between the two cirdeg. Thm would the surfiice of the earth 
become plicated by the sinking down of some parts by their gravity, and the 
elevation of correspondent ridges by the lateral pressure. The principal 
ridges thus produced, must coincide very nearly with a great circle : and as 
the earth's crust made successive efforts to accommodate itself to the con« 
stantly contracting nacleus, ridges would lie produced in different directions, 
crossing one another ; and thus the various systems of elevatioa known to 
exist on the ffiobe, be formed at various epochs. 

Obj. Such a shortening of the earth^ diameter as this hypothesis sup- 
poses, would increase the rapidity of its rotary motion, and shorten the length 
of the day : whereas astronomy shows that for 2000 years no sueh change 
has takeiTplace. 

Ans. That period is too short fairly to test the point ; since it requires « 
lonff time for the tension upon the crust of the globe to become so great as to 
produce a fracture'; and this may not have occurred since that time. If 
there be any* flexibility however, m the earth's crust, gravity must produce 
some depression of it in some places, and elevation in othens, before the ten- 
sion is great enough to produce a fracture. And possibly this may be the 
origin of some cases of slight subsidence or elevation on recionL 

Origin of the Primary Stratified Rocks. 

Rem. The way has not previously been prenared for a full understanding 
•f the hypotheses above alluded to, concerning tne origin of the primary strati- 
fied rocks; because both of these depend more or less upon internal heat. 

First hypothesis. According to this hypothesis the stratified 
primary rocks are merely the mechanical or fossiliferous rocks 
altered by heat. As these accumulated at the bottom of the 
ocean, bemp much poorer conductors of heat than water, they 
would confine the internal heat that was attempting to escape 
by radiation, until it became so great as to bring the matter into 
a crystalline state : but not great enough to produce entire fu- 
sion, so as to destroy the marks of stratification. * 

Arguments in favor of this Hypothesis, 

1. Numerous facts show that the molecular constitution of 
solid bodies may undergo great changes, without much change 
of the general form ; and even without any great elevation of 
temperature. Thus the heat of the sun alone, will change 'pris- 
matic crystals of zinc into octahedrons : and the same takes 
place with sulphate of nickel. Connection of the Physical 
Sciences by Mrs. Somerville^ p. 1 30. Indeed, Dr. MaccuUoch 
says he has completely proved by experioSents, that ** every 
metal can completely change its crystalline arrangements while 
solid, and many of them at very low temperatures." System of 
Geology, Vol. 1. p. 190. Analogous changes have taken place 
in sandstone beneath trap rocks : in trap rocks after they nave 
bacome solid ; and in solid glass. Hence the presumption is in 

22* 
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&Tor of thiMM internal changes in rodu of m e fthapieal cnpn 
itom intwnal heat 

2. The heat leqnisite for the conTersion of mechanical into 
erystalfine rocks; without destroying the stratified structure, 
may. have been derived either from an internal heated nucleus 
in die earth, when the oruet was thinner than at present, a» it 
was durine the period in which the primary strata were de- 
posited, or from local nuclei of heat, propagated upwards through 
detritus, according to the theory otProf. Babbage. 

3. Geoloey furnishes numerous examples in which the me- 
chanical or fossiliferous rocks have been converted by heat into 
primary crystallised rocks in limited spots by the agency of 
neat. When dykes of granite, porphyry, trap rocks, or recent 
lava, pass through fraementary deposits, for a certain distance 
on the sides of uie dyke these conversions have taken place. 
Chalk and earthy limestones^re in this manner in Ireland, con- 
yerted into crystallized marble : and the same effect was pro- 
duced upon chalk by heating it powerfully in a sealed gun 
barrel. Experimental proof has also been furnished by the 
chemist, that quartz rock is merely sandstone altered by heat; 
as is shown also at Salisbury Craig, Teesdale, and Shropshire, 
in Great Britain, where sandstone and basalt come in contact. 
tn Shetland, argillaceous slate, when in contact with granite, is 
chanced into hornblende slate. Clay slate is obviousfy nothing 
but clay that has been subjected to strong heat and pressure. 

4. llie primary stratified rocks still retain marks of a me- 
chanical origin. The general appearance of gneiss and mica 
slate is that of fragments of crystals, more or less worn and 
rounded, and then re-cemented by heat But real conglome- 
rates occur which yet have all the characters of the primary- 
stratified rocks, except perhaps gneiss. Thus, I have in my 
cabinet from Bellingham in Massachusetts, a perfect and highly 
crystalline mica slate, which contains as perfectly rounded peb- 
bles of quartz as any secondary conglomerate ; also a tidco- 
micaceous slate of the same character, from Rhode Island, which 
abounds in crystals of magnetic oxide of iron. These rocks 
are connected with transitioii slates on the one side, and wi^ 
primary slates on the other. I have also, perfectly distinct con- 
glomerates of quartz rock, made up of rounded fragmeifts of 
quartz, cemented hy comminuted materials of the same kind. 
The strata of this rock injBerkshire County, in Massachusetts, 
are associated with gneiss and mica slate ; all of which at the 
ipot, (in Washington,) stand upon their edges. 

Obj. 1. There is little probability that detritus is conveyed 
to the bottom of the ocean m quantiUes sufficient to cause such 
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an accumulatioii of internal beat, as would convert meehanieal 
into crystalline rocks : — a degree of heat nearly equal to that 
which would melt them. True, the heat would accumulate in 
these deposits to a certain degree : but not beyond what exists 
in the solid crust of the earth generally ; and this would require 
us to descend nearly 50 miles, before a temperature would be 
reached sufficient ior the purpose. Unless/ therefore, this 
theory supposes a much higher temperature on the globe when 
this change took place, than at present, (and most of its advo- 
cates deny this,) the requisite heat could not have been ob- 
tained, especially as in many cases the primary rocks extend to 
the surface, and do not appear to have ever been covered with 
newer ones ; so that there must have been heat enough to pro- 
duce this transformation immediately beneath the waters of the 
ocean. 

2. The difference in chemical composition between the pri- 
mary and the' newer rocks, is opposed to the idea that the for* 
mer are only modifications of the fatter. For we find that some 
of the ineredients, lime and carbon for instance, are far more 
abundant m the newer than in the older rocks. This difference 
points of course to a difierent origin. 

3. If all the stratified primary rocks are metamorphic, we 
ought to find in them occasionally, especially in the limestones, 
traces of organic remains. For examples are not uncommon, 
in which the traces of such remains are found, (of which a de- 
scription has been given in Section Y,) in calcareous rocks 
which have become perfect crystalline limestones, as in the en- 
erinal limestone : and in other rocks which are converted into 
vesicular trap by the agency of heat. It is incredible, there- 
fore, that if tne remains of animals and plants once existed in 
these rocks, as numerous as they now exist in the secondary 
rocks, they should all have vanished ; since it is certain, that 
the heat which produced the metamorphosis, was not great 
enough to obliterate the stratification. 

Second hypothesis. This hypothesis supposes the primary 
atratified rocks to have been formed, partly in a mechanical, 
and partly in a chemical mode, by aqueous and igneous agency, 
when the temperature of the crust of the globe was very high 
and before organic beings could live upon it. 

Arguments in favor of this Hypothesis. 

1. It shows why, amid so much evidence of chemical agency 
in the formation of the primary rocks^ there is still so much 
proof of the operation of mechanical agencies. For in that 
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State of the globe, wlieii its crust had cooled only so far as to 
allow water to exist upon it in a fluid state, Tolcanic agency- 
must have been far more active than at present : and conse- 
quently the agitated waters must have worn away the granite 
at their bottom extensively. Hut as the heated waters would 
contain a great deal of silica, and other ingredients which would 
veadily fau down as chemical deposits, Uie abraded materials 
would be consolidated before they had become entirely rounded 
into pebbles ; so that the compound might, upon the whole, be 
regarded as of chemical origin ; and yet not be destitute, as 
gneiss and mica slate are not, of the marks of attrition. Jn- 
aeed, it would be strange, if in some instances the attrition did 
not proceed so far as to produce the materials for a perfect con- 
glomerate; as the facts mentioned under the last hypothesis 
show was sometimes the fact. 

2. It shows us why silicates predominated in the earlier 
periods of the globe ; and why limestone and carbon were more , 
abundant at later periods. Thermal waters, it has been shown 
in another place, often contain an abundance of silica in solu- 
tion ; but cold water never does. Again, by heating water to 
the boiling point, the carbonic acid is all driven off: and with- 
out this acid, carbonate of lime could not be held in solution to 
much extent : and farther, hot water will dissolve much less 
quicklime than cold; the proportion being as 778 to 1270. 
Hence the heated seas of tnose early times would contain and 
deposit more of silica, but less of lime, or carbonate of lime, 
than under existing circumstances. Another cause why less 
of carbonate of lime is found in the older rocks, is, that animals 
did not then exist to eliminate lime from its other combinations, 
and convert it into the carbonate. 

3. It explains the absence of organic remains in the primary 
stratified rocks. It shows that the temperature was too high, 
and the surface too unstable, to allow of the existence of ani- 
mals and plants. And if they had existed in as ereat abun- 
dance as at present, — an assumption which is made by the pre- 
ceding hypothesis, — it is incredible that some traces of them 
should not remain : for if the fusion of these rocks was not so 
entire as to obliterate all marks of mechanical agency, if, in fact, 
perfectly rounded pebbles still occur in them, there is no reason 
why the harder parts of animals should not also remain : We 
have examples where the traces of organic remains exist in 
rocks, that have been almost entirely fused : — at least so much 
melted, as in the case of a vegetable stem in trap, in the valley 
of the Connecticut, that it is converted into decided vesicular 
amygdaloid; and yet its vegetable character can scarcely be 
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doubted. (See a fine Specimen in Amherst College, wni a9Uftk$r 
in the State Collection of Massachusetts, at Boston*) We may 
hence infer, with no little confidence, th«t organic life did not 
exist on the globe when the primary rocks were in a course of 
deposition, and this hypothesis explains the reason. 

4. It explains too the reason why carbon is much less abun- 
dant in the older than in the newer rocks. Organic beings aie 
imdoubtedly the source of most of the carbon m the rocks : — 
and of course it would be found in small quantities wheie 
neither animals nor plants existed. 

Rem. Dr. Maccalloch does indeed state that he found organic remains 
{ortkocerata,) in quartz rock, connected with gneiss, in Sunderland ; but 
other distinguished geologists (Sedgwick and Murchi^n,) have failed in 
finding any at that spot He thinks, also, that fragments of shells occur 
in hornblende slate in Glen Tilt. System of Geciogy, Vd. 1. p. 418. Ton 
Dechen also mentions fosoliferous grajrwacke, interstratified with gneiss 
and mica slate in Bohemia. But fi^ of so anomalous a chuacter need 
still further confirmation. PMlUp^s OeUogy, p. 78. 

5. It explains the imperceptible gradation of gneiss into 
granite, which we often witness. For if thick beds of gneiss 
were deposited upon the granite, Under the circumstances sup- 
posed by the hypothesis, it is easy to conceive how the internal 
neat should accumulate in the manner explained by Prof Bab- 
ba^, so as to melt the granite crust anew, and to extend the 
fusion into the lower beds of the gneiss ; at least so as to pro- 
duce an almost entire obliteration of the lines of stratification, 
and form numerous nidi^ses of perfect irranite in the gneiss. 
This hypothesis explains the passaee of these two rocks into 
each other, better than the first Jiypothesis ; be<iause it supposes 
a higher temperature beneath and upon the earth's crust at the 
time of the formation of the gneiss. 

Rem. The most important objections to thb hypothesis tcte embraced ih 
those which are urged against the doctrine of internal heat in general ; and. 
therefore, it will be necessary to state only the latter. 

Objections to the Doctrine of Internal Heat* 

Obj, I. It has been maintained that the high temperature of 
deep excavations may be explained by chemical changes going 
on in the rocks ; such as the decomposition of iron pyrites by 
mineral waters, the lights employed by the workmen,, the heat 
of their bodies, and especially by the condensation of air Sm; 
great deptha 

.^915. In the experiments l^at iiave been made upon the 
temperature of mines, oare has been taken to avoid all these 
sources of error except the last, (which are indeed s<HnetiuiM 
irary eonsiderable,) and yet the geneial itsttlt is as has been 
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■tated : not is there a single exampk on the^otber side to invali- 
date that result. As to the condensation of air in mines, Mr. 
Fox has shown that the air which ascends from their bottom is 
much warmer than when there ; so that it carries away instead 
of producing heat. Cordier^s Essay on the Temperature of the 
Interior of the Earth, Edinburgh Journal of Science^ Aprils 
1832. 

Obj. 9. 71^ temperabtre of the Ocean. Prof. Parrot, wbo urges this ob- 
jection, leeapititlated the ranilts of the most accurate obserratiuns upon the 
temperature of the ocean : "1. That the temperature diminishea -mB the 
depth iocreaaea : 3. That it diminishes at first rapidly, then very slowly. 
From the surface to the depth of 2478 feet, it diminishes more than 4l^P. 
and from that to 5490 feet, less than 2^." American Journal of Science, 
Vol, 26. p. 12. According to De La Beche, there are some exceptions to 
these conclusions, especially in high latitudes. In fresh water lakes, the 
tame obserrer found that the temperature decreased till it had nearly 
reached 40"F, when it continued nearly the same to the greatest measured 
depth. Manual of Geology^ p. 20. Facts of this sort Prof. Parrot consid- 
en aa directly alT Yariance with the idea of internal heat 

Aim. Taking the eonelnsions of Prof. Panot as true, they are just 
what we might expect would be the temperature of the ocean, whether 
the earth had internal heat or not. For it appears that the strata of wk- 
Us arrange themselves according to their specific gravities. The warmest 
particles being the lightest, of course rise to the top ; and the coldest sink 
to the bottom: just aa we find to be the case in a vessel of water that la 
being heated over a fire. But when fresh water has descended to the 
temperature of 40'^F. ir begins to expand, and therefore water below that 
degree will not sink but nse. Yet experiments show that it rarely goea 
lower than that degree ; and therefiire, when the water has reached it, or 
nearly reached it, we might expect that the temperature at greater depths 
would be nearly^ the same. Salt water continues to contract until it 
reaches the freezing point, which varies from 32° to 4°, according to the 
amount of salt which it contains. Hence we might expect that the tem- 
perature of the sea, except perhaps in very cold latitudes, would decrease 
downwards until it reached a temperature below which it rarely descends ; 
after which we should expect a uniform temperature to the greatest depths. 
A few observations, indeed, are on record, which can hardly be reconciled 
to the general principle that waters of lakes and oceans arrange themselves 
according to tneir specific gravities; yet such cases probably result from 
local causes of variation. Upon the whole it seems that the facts in respect 
to the ocean's temperature, neither prove nor disprove the doctrioe of in« 
temal heat. 

Rem. Some have supposed, that since the ocean has a depth of several 
miles, the water at its bottom ought to be in a state of ebullition, if the 
doctrine of internal heat be true. But there is no reason to suppose the 
earth's crust to be thinner there than on dry land ; and hence no more 
heat will escape into the. waters by radiating from the earth, than escapes 
into the air ; wluch, as we have seen, according to Fourier, is a veij 
small <|uantity: not sufildent to afiiect the temperature of water or a^ 
percepUbly. 

Ohj. 3. . " If the central heat were as intense as is represent- 
ed, there must be a circulation of currents, tending to equalize 
the temperature of the resulting fluid, and-tba solid crust itself 
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would be melted." — '< If the whole planet, for example, wera 
composed of water oovered with a spheroidal crust or ice fifty 
miles thick, and with an interior ocean having a central heftt 
about 200 times that of the melting point of ice, &c : — ^if it must 
be conceded, in this case, that the whole spheroid would in- 
stantly be-in fi state of violent ebullition, that the ice instead 
of being strengthened annually by new internal layers, wO\ild 
soon melt and form part of an atmosphere of steam, on what 
principle can it be maintained that analogous effects would not 
follow in regard to the earth under the conditions assumed in 
the theory of central heat?" Lyeirs Prin. Geol Vol. 2. p. 
440,^71^449, 

AThs. In the first place, it is not essential to the doctrine of 
central heat, that a temperature very much exceeding that 
requisite to melt rocks, (TOOO^F.) should exist in any part of 
the molten nucleus. It may even be admitted that the whole 
globe was cooled down very nearly to that point, before a crust 
began to form over it. For still, according to the conclusions of 
Fourier, it would require an immense period to cool the inter* 
nal parts, so that they should lose their fluid incandescent state, 
after a crust of some 20 miles thick had been formed over them. 
In the second place, we have the case of currents of lava, which 
cool at their surface, so as to permit men to walk over them, 
while for years, and even decaaes of years, the lava beneath is 
in a molten state, and sometimes even in motion. And if a crust 
can thus readily be formed over lava, why might not one be 
formed over the wholes globe, while its interior was in a melted 
state : and if a crust only a few feet in thickness, can so long 
preserve the internal mass of lava at an incandescent heat, why 
may not a crust upon the earth, many miles in ^thickness, pre- 
serve for thousands of years the nucleus of the earth in the 
same state ? True, if we immerse a solid piece of metal in a 
melted mass of the same, the fragment will be melted ; because 
it cannot radiate the heat which passes i7ito it : but keep one 
side of the fragment exposed to a cold medium, as the crust of 
the earth is, and it will require very much stronger heat to melt 
the other side. If the crust of the globe were to be broken into 
fragments, and these plunged into fluid matter beneath, pro- 
bably the whole would soon be melted, if the internal heat be 
strong enough. But so long as its outer surface is surrounded 
by a medium, whose temperature is at least 58° below zero, 
nothing but a heat inconceivably powerf\il, can make much im- 
pression on its interior surface. In the third place, a globe of 
water intensely -heated at its centre, and covered by a crust of 
ice, is not a just illustration of a globe of earth in a similar con« 
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dition, coTend b^ a enut of rocks and soils. For between leo 
and water there is no intermediate or ^mi-fluid condition. As 
soon as the ice melts, there exists a perfect mobility among the 
particles ; so that the hottest, because the lightest, would always 
oe kept in contact with the surrounding crust of ice, and melt 
it continually more and more : especially as ice, bein^ a perfect 
non-conductor of heat, would not permit any of it to pass 
through, and by radiation prevent tne melting. On the other 
hand, between solid rock and perfectly fluid lava, there is every 
conceivable degree of spissituae ; and of course every decree of 
mobility among the particles. Hence they could not in that 
semi-fluid stratum, arrange themselves in the order of their 
speciflc gravities ; and therefore, the layer of greatest heat 
would not be in contact with the unmelted solid rock. True, 
the heat would be diffused outwards, but so long as the hard- 
ened crust could radiate the excess of temperature, the melting 
would not advance in that direction. This would take place 
only when the heat was so excessive, that the envelope cotild 
not throw it off into space. 

Oby, 4. It u maintained, that if the earth was originally in a fluid or 
gaMoiM state, and sufaaequently condensed, the solidilcation would com- 
mence at the centre and proceed outwards. The solidification of m nu- 
cleus at the centre by pressure, would throw out much heat, b^ which a 
layer around the nucleus would be expanded, so as to become hghter, and 
to cause heavier particles to take its place. These would at length become 
solidified, and thus would this process gradually advance towards the cir- 
cumference of the globe, until the whde was converted into a solid mass. 
This is the view of M. Poisson. See Am. Journal of Science. Vol. 34. 
1^.61. 

^ Ans. If it be admitted thai the order of solidification in a globe conden- 
ang from a fluid or a gaseous state, would be from the centre to the cir- 
cumference, while that globe was surrounded by a medium of very hieh 
temperature, yet if the temperature were such as actually surrounds the 
eartQ, radiation must produce a crust over the surface; and when once a 
solid crust was formed, then the conclusions of Baron Fourier, already .ex- 
plained, would follow. Even though enormous pressure might make the 
central parts more dense than the crust, still this would so confine the 
heat that a high temperature might exist in the interior. In every case 
in which, experiments have been made upon the cooling of intensely 
heated bodies, a crust forms over the surface, which much retards the re- 
frigeration of the central parts. AH known analogies, therefore, are op- 
posed to this hypothesis. 

Bern. M. Poisson resorts to a most extraordinary supposition to ex- 
plain the observed increase of temperature as we descend into the earth. 
He assumes as true, the suggestion of the elder Herschel, that the solar 
system is in motion through space, and that the temperature of this space 
is so different in different parts, as to heat the earth to a ^reat depth at 
one time, and then, while passing through the frigid regions, it is gradually 
giving off its heat. It is nardly necessary to say, that such a movement 
of the solar system as is here supposed has scarcely nothing but conjecture 
to prove it. But if it be admitted, we cannot imagine what evidence 
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there isi that different portione of the ipace paased over shovdd have moie 
than a very slight difference of temperature. This is, therefore, an hypo- 
thesis based upon hypothesis. WheweWs Hist. Induct, Sci, Vol. 3. p, 564. 

Hypothetical state of the Globe in the earliest Times. 

Rem. The theory of central heat, as already explained, extends no fat' 
ther back in the world's history than to the time when the globe was in 
a state of fusion from heat : and the chemical theory, which ascribes sub- 
terranean heat to the oxidation of a metallic nucleus, does not necessarily 
describe the state of things in the beginning. But the mind naturally in- 
quires, whichever of these theories is s^opte<^ what was the state of thin^^s 
at the commencement, or at the earliest period of which we can obtain 
any glimpses. To gratify this curiosity the two following hypotheses have 
been suggested. It ought, however, to be remarked that though they be 
entirely groundless, the ^eories of central heat and of the oxidation of 
a metallic nucleus, may nevertheless be true. 

Ftrat hypothesis. This is advanced by the advocates of 
original igneous fluidity, and supposes that previous to that 
time, the matter of the globe had been in a state so intensely 
heated, as to be entirely dissipated, or converted into vapor and 
gas. As the heat was gradually radiated into space, condensa- 
tion would take place : and this process would evolve a vast 
amount of he^t, by which the materials would be kept in a 
molten state^ until at length a solid crust would be formed as 
already explained. 

Arguments in favor of this Hypothesis. 

1. The nature of comets shows that worlds may be in a gaseous state. 
These bodies appear to have "no more solidity or coherence than a cloud 
of dust, or a wreath of smoke,"^-" through which the stars are visible 
with no perceptible diminution of their brightness." Wkewdl's Bridge- 
water Treatise, p. 152, 153. Sometimes, however, they appear more dense 
towards their centre, and well defined circular nuclei have been seen in a 
few. It has been thought, also, that some of them become more dense at 
their successive returns. Dr. Herschrl regards them all as self luminous. 
Now in such facts do we not see a striking resemblance to the early con- 
dition of our globe, according to this hypothesis — to its condition before it 
had become so much condensed as to be a fluid incandescent mass. 

2. The nebuliB appear to be similar in composition to comets : though 
not yet actually converted into comets. They prove that a vast amount 
of the matter of the universe actually exists in the state of vapor. 

3. l*he sun, and probably the fixed stars, appear to be examples of im- 
mense globes so far condensed as to be in a fluid state by intense heat. 
This heat, perhaps, is still powerful enough to djgsipate the more volatile 
materials, which form a vast zone around the sun's equator and produce the 
zodiacal light. .„ - . , , 

4. The process of refrisjeration appears to be still farther advanced upon 
the moon: so much so, that it has ceased to be self-luminous. And yet 
its entire surface bears the marks of volcanic desolation : so that }t is 
doubtful whether even yet it is in such a condition that beings like man 
could inhabit it. BdkevseWs Geology, p. 384. 

23 



Digitized 



byGoogk 



M6 CAV0Cfl or OEOLOICAL CHANOK. 

5. Some of the other planets appear to be in a transition state between 
habitable and uninhabitable worlds. Thus, a remarkable nebulosity sar* 
rounds the asteroid planets, Juno, Ceres, and Pallas. Jujater is not im- 
probably covered with water; and Saturn by a fluid lighter than water. 

6. All these facU render it provable that other worlds are passing 
through the successive stages of refrigeration to which the hypothesis un- 
der consideration supposes the earth to have been subject. They afford 
us some glimpses of a far reaching law of nature on this subject. 

Second hypothesis. This hypothesis supposes the globe to 
have been created a mass of combustibles and metals uncom- 
bined : to which were suddenly added water, the atmosphere, 
chlorine, iodine, and perhap hydrogen. The chemical action 
that would ensue, would produce an intense ignition and com- 
bustion of the whole surface of the planet : a new and oxidized 
crust would be formed over it ; that crust would be rent and 
dislocated, as we now find it to have been. But as the crust 
became thicker, water and other agents, which act energetically 
on the uncombined metals, would less frequently reach them ; 
and at length the surface would become habitable. Am. Jour, 
Scierice, Vol. 14. p, 88. 

Proiif. It is not pretended that any facts directly corroborative of this 
hypothesis are known. But the facility with which it exglains the changM 
that have taken place on the globe, is supposed to render it probable. 

Prin. It is doubtful whether geologists will ever be able 
from their science to ascertain the state of things at the begin 
ning, or the first condition of created matter. For thou eh 
they may go far backward in tracing the changes which the 
earth has undergone, yet the condition of things becomes so 
different from the present the farther they penetrate the past, 
that the thread of analogy fails. Hence it is, that so many 
theories of the earth have not only been failures, but have 
brought ridicule upon the whole science of geology. When 
geologists shall be contented to trace effects to their proximate 
causes only, and leave the origin of things untouched, they will 
find their science resting on a firm foundation. WhewelVs 
Philosophy of the Inductive Sciences. Vol. 2. p. n6. Loruion, 
1840. 

Intensity of Action in the Causes of Geological Change^ or the 
Doctrine of Catastrophes and of Uniformity, 

First theory. Mr. Lyell contends that the causes of geo- 
logical change now operating upon the globe, with no increase 
of intensity, that is, acting with no more energy than at pres- 
ent, are sufficient to account for all the revolutions which the 
crust of the earth has undergone. He admits of no irregular!- 
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ties or catastrojkhes ^ater than now take place ; and snpposea 
that the effects which transcend any single effect of existing 
causes, have heen the result of repetitions, sometimes almost 
endless, of present aeenoies. In otner words, he supposes that 
things have remainea from the heeinning subject to no greater 
changes than they experience at the present time. To prove 
these positions is the great object of his able work on the Prin- 
ciples of Geology. 

Proof 1. It is agreed on all hands, that the nature of geo- 
logical causes has been the same in all ages ; although even as 
late as the time of Cuvier, he says that " none of the agents na- 
ture now employs were sufficient for the production of her an- 
cient works. 

2. An indefinite repetition of an agency on a limited scale, can 
produce the same enecfs as a paroxysmal effort of the same 
agency, howeyer powerful : provided the former is able to pro- 
duce any effect, as for instance, in the accumulation of detritus, 
the elevation of continents, the dislocation of strata, &c. Now 
it is unphilosophical to call in the aid of extraordinary agency, 
when its ordinary operation is sufficient to explain the phe- 
nomena. 

3. Nearly every variety of rock found in the crust of the 
globe, has been shown to be in the course of formaticm by exist* 
«Qg aqueous and igneous agencies : and if a few have not yet 
been detected in the process of formation, it is probably because 
they are produced in places inaccessible to observation. 

second theory. This theory admits that no causes of geologi- 
cal change, different in their nature from those now in action, 
have ever operated, on the globe : in other words, that the geo- 
logical processes now going on, are in all cases the antitypes of 
those which were formerly in operation : but it maintains that 
the existing causes operate now in many cases, with less inten- 
sity than formerly. 

Proof 1. The spheroidal figure of the earth and other facts 
already detailed, seem to render almost certain the former fluidity 
of the globe. Now, whether that fluidity was aqueous or igne- 
ous, or both in part, it is certain that the agencies which pro- 
duced it must have operated in earlier times with vastly greater 
intensity than at this day, and that their energy must have been 
constantly decreasing from that time to the present. 

2. Still more direct is the evidence from the character of 
organic remains in high latitudes, of the prevalence of a tem- 
perature in early times hotter than tropical : too warm, indeed, 
to be explainea by any supposed change of levels in the dry 
land. And if this be admitted, heat must haTe been more 
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pi f wfu l in itt openitieii than at {yvotent; and tliit would in- 
cxeiM the aqneous, aitniOBphmie and organic agencies ^ tkoso 



3. No asenev at pieaent in operation, witkont a vast ineiease 
of energy, is adequate to the elevation, several thousand feet, 
of vast chains of mountains and continents ; such as we know 
to have taken place in early times. A succession of elevations 
by earthquakes, repeated through an indefinite number of ages, 
the vertical movements being only a few feet at each recur- 
xenee, is a canse inadeouate to the eflect, if we admit that earth- 
^akes have exhibitea their maximum energy within historic 
tmies. Besides, it is difficult to conceive how a continent could 
be sustained several thousand feet high, unless melted matter be 
finrced in beneath its omst. But earthquakes, and even the 
vhole amount of volcanic power, if the doctrine of internal heal 
be rejected, could not suppiv any such propc If we coidd sup 
pose a sueeession of eartnquakes, acting for thousands o\ 
■uHiona of years along some anticlinal axis <^ great length, we 
have reason to suppose from their known operation, that somo 
times they would elevate, and sometimeB siaak down the sur 
face ; so that the final resultant would be probably little change 
of level, and not an elevation like the Andes or the Himmalay^ 
mountains. 

4. In a majority of eases, the periods of disturbance on tB^ 
l^oibe appear to have been i^ort compared with the periods of 
repose that have intervened : as is obvious from the ^ct that 
pakicula* formations have the same strike and dip throughout 
Am whole extent : nnless some portions have been acted upon 
by more than one elevatory force : and then we find a sudden 
dhange of strike and dip in the formations above and below. 
Whereas, had any <^ the causes of elevation now in operation 
Hfbed up these formations by a repetition of their present com- 
paratively minute effects, there ought to be a gradual decrease 
in the dip from the bottom of the finrmation upwards, and no 
sudden change of dip between any two consecutive formations, 
unless some strata are wantine. At the periods of these eleva- 
tory movements, therefora, the force must have been greater 
than any that is now exerted, to produce analogous effects. 

5. The sudden and remarkable changes in the organic con- 
tents of the strata, as we pass from one formation to another, 
even when none of the regular strata are wanting, coincides ex- 
actly with the supposition of long periods of repose, succeeded 
by destructive catastrophes. Nor is the supposition that speciee 
of animals and plants ha^e become gradually extinct, and have 
been replaced by new species, by a law of natura during periods 
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of xepose, sustained by any facts tbat hare oceuned within the 
historic pexiod : no example having been discovered of the crea- 
tion of a new species by such a law ; and hot more than one or 
two (the Dodo and Apteryx) of the extinction of a species. 
WheweWs Hist. Indue. Sci. Vol. 3. p. 589. 

6. We have no evidence that the most important of the older 
rocks, both stratified and unstratified, are produced by any 
causes now in operation. That they may be produced deep in 
the earth, where igneous causes are still in intense operation, is a 
plausible hypothesis, but unsustained by a single example of 
the production of mica slate, gneiss, granite, or syenite. The 
highly crystalline and in other respects peculiar character of 
these rocks, as well as their entire deficiency of traces of or- 
ganic existence, when they were formed, point to a state of the 
globe different from the present, but different only because 
existing causes, especially heat, operated then with greater 
energy than at present. 

7. Glacio-aqueous agency, since the deposition of the tertiary 
strata, requires for its exjdanation a greater intensity of action 
in existing geological agencies than is known at the present day. 
This point, however, has been so fully discussed in Section V II, 
that nothing more need be added here. 

8. Upon the whole, with the exception of glacio-aqu^pus 
action, were we to confine our attention to the tertiary and allu- 
vial strata, it might be possible to explain their phenomena by 
existing causes, operating with their present intensity. But 
when we examine the secondary and primary rocks, we are 
forced to the conclusion that this hypothesis is inadequate : and 
that we must admit a far greater intensity in geological age.ncie8 
in early times than at present. 

9. But the question here arises, how long a period shall we 
assume as a measure of the intensity of existing agencies 1 The 
most strenuous advocates of the doctrine of uniformity will ad- 
mit o£ some oscillation in .the intensity of these agencies ; be* 
cause a singly year shows it. How tnen shall we determine 
how wide that oscillation may be ? In order to obtain the 
average intensity, how can we say but that all geological cycles 

^ must l>e included 1 To make any particular portion of time 
^ the measure of all the rest, must be an arbitrary assumption. 
And therefore, we cannot ascertain what is the standard or the 
average of intensity : and until this can be done, is the subject 
considered under this head any thing more than a controversy 
about words ?. The alluvial period has been assumed in the 
above argument as the measure of all that have gone before it. 
But can any reason be given why this should be taken rathel 
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ituin a longer ons 9 and who knows kow muck graater inienaihr 
existing causss ma^ jet exhibit, dniing the allavial period, 
than they have done 1 Since we know that some catastrophes, 
however small they ma^ be regarded, have occurred during the, 
alluvial or historic penod, all presumption against more power- 
ful ones in future is taken away : and as to past changes, we 
must judgs of the intensity of the producing agencies oy the 
effects. See an able view of this subject in Wk^eUs PhUoso- 
fky of the Inductive Sciences, Vol 2. f, 123. 

Character and Repletion of Metallic Yeins. 

Rem, The subject of metallic Teuis,— one of the moet difficult in geology, 
although touched upon in teTeral dacea in this work, haa been mainly de- 
ferred to Uua place ; because it could not be well understood without an ac- 
quaintance with nearly the whole of geology. 

Descr, The metallic matter, called ore, rarely occupies the 
whole of the vein : but is disseminated more or less abundantly 
through the quarts, sulphate of baryta, wacke, granite, he. 
which constitutes the greater part of Uie vein, and is. called the 
gangue, matrix or veinstone. Often the ore and the gangue 
form alternating layers. Sometimes there are cavities lined 
with crystals, which cavities are called druses. 

Descr. Metallic like other veins vary very much in width, 
both in a vertical and a horizontal direction. They are- of un- 
known depth; for scarcely ever have they been exhausted 
downward. The deepest mine that has been worked, is that at 
Trattenberg in Bohemia : which haa been explored to the depth 
of 3000 feet. 

Descr. In all cases metallic like other mineral veins, are 
filled with matter diflerent from the rocks which they traverse. 
In some instances they are obviously of the same age with the 
containing rock, but m a majority of cases, they are fissures 
that have been subsequently filled. They exhibit almost every 
variety of dip and strike, and yet it has men thought that they 
very often affect an east and west direction, though frequently 
they run north and south, and their dip usually approacnes the 
perpendicular. These veins often ramify and diminish until 
they finally disappear. Their width is very various; from a 
mere Une, up to some hundreds of feet. The metallic veins of 
Cornwall vary from an inch to 30 feet in width. The contents 
are sometimes arranged in successive and often corresponding 
layers on each side. 

Descr. The contents of metalliferous veins often vary in the 
same vein, in different rocks, through which it passes, both per- 



Digitized 



by Google 



UMtXhhtC TBl1t§.' S71 

pendieularly and in the direction of the vein. Its width ako 
yaries in the same manner. 

Descr. Metallic veins are most numerous in primary and 
transition rocks. No vein is worked in Great Britain above 
the new red sandstone. Nor are any explored of much impor- 
tance, above the carboniferous limestone. In the Pyrenees, 
however, hematitic and spathic iron occur in transition strata, 
in the lias, and the chalk. In the Cordilleras of Chili, also 
tertiary strata, which have become crystalline by the proxiinity 
of granite, are traversed by true metallic veins of iron, cop])er, 
arsenic, silver, and gold, which proceed from the underlying 
granite. 

Descr, As a general fact, metallic veins are most productive 
near the junction of stratified and unstratified rocks. Their 
productiveness depends also on their direction, in some measure : 
an east and west airection being regarded as the most favorable 
in Cornwall ; while the cross courses, or north and south veins, 
are usually unproductive. 

Descr. Mr. Carne finds evidence in Cornwall of the existence of metal- 
fie veins of no less than six or «ght different ages : a case analagons to tke 
cue exhibited on Plate 2. WkeMl^s Hist. Iwhtc, Sciences, VaL 3. p» 64a 
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Fig. 130, is a lection of tin and copper Teina 
near Redruth in Cornwall. They generally 
paM from the kiilas, or slate, into the granite 
Deneath. The section reaches to the depth 
of laOO feet The dotted lines represento the 
tin lodes, (veins) and the continuous lines, the 
copper lodes. 



Theories to explain the Repletion of 
Veins in General. 



Fig;. 120. 







1. Werner supposed that veins 
fissures filled by aqueous infiltration 
from above. But it is probable 1 
hypothesis will apply to scarcely a single 
example of all the varieties of veins. 

2. Hutton supposed that veins were 
filled by melted matter injected from 
beneath. And the facts that have been 
detailed in this work, make it almost p.. .^ -^-c'-^j^-ZI ^ ^ 
certain, that a large part of the veins, t^^^i^=CC7w <S^ 
filled by unst ratified rock, were thus 
produced. Indeed, it is often practicable 
to trace these veins to the central mass 
from which they proceeded, and to 
follow them at the other extremity, as 
they thin off and are lost. It is almost 
equally certain that many metallic veins 
were thus produced. 

3. Prof. Sedgwick supposes some 
veins to have been producea by chemical 
segregation from the rock in which they 
occur, while that was in a yielding state ; 
just as the nodules of flint were segre- 
gated from chalk, or crystals of simple 
minerals from the rocks in which they 
are now found imbedded. That many 
veins were produced in this manner can 
hardly be doubted : for sometimes we 
find them passing; by insensible grada- \ - J 
tion into the including rock, and thus v«f^\^^^^ ^ 
showing that they are of contemporaneous origin, with the 
rock, while both were in a fluid state. In such cases chemicid 
segregation is the only known principle hj which the veins 
could have been formed. 
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4. Mr. Fox and M. Becquerel refer the origin of many me- 
tallic veins 'to electro-chemioal agemetas which are operating at 
the present day, to transfer the contents of veins even from the 
solid roeki^ in which they are disseminated, into fifirara9«6 the 
same. The former of these gentleman has shown conclusively, 
that the materials of metallic veins, arranged as they are in the 
earth, are capable of exerting a feeble electro-magnetic in- 
fluence: that is» they constitute galvanic circuits^ whereby nu- 
merous decompositiona, and recomposiiioDs, and a transraz of 
•kniOBts to- a eonaidorable distance, may be efieeled. He was 
induced to commence experiments on this subject, by the analogy 
which he perceived between the nranj^ments of mineral veins 
and voltaic combinations. And he thinks if sueh an agency he 
admitted in the earth, it shows why metalEc veins^ having a 
neftvly east and weal direction, are richor in ore than otinot ; 
aJAcn ofefttro-magBetie currents would more readily pass in an 
east and west than in a north and south diraotioa, in eonae- 
Aueofio of the magnetism of tho earth. M. Bocqu«ttl has 
flliow% that even insoluble metallic oomponnds may be pvo- 
dlmead hv the slow and long eofitimusd reaction and tnnsfeience 
of the elements of soluble compounds by galvanic action* He 
baa also made an important practical application of these prin- 
dbWs, which is said to be in sueossaful operation m Franca : 
waereby the ores of silver, lead and copper, are reduced widl- 
out the use of mereury. BucJdand^s BridgewmHr Treatise^ M, 
Edi^nyp. 552, amd 615, VU. 1. and f. 106, YbL 2. This » 

Enions theory bids fair to solve many perjdexing enignaa le- 
ing to metaUie veins ; and to prove that some of them may 
even now be in a course of formation* 

5. M. Neckar and Dr. Buekland suggest, that some mineral 
v^ns may have been ftUed by the sublimation di their contents 
into fissures and cavities cH the super incumbent rodks, by means 
of intensely heated uneral matter beneath. Thua, it has boen 
shown that by heating galena in a tube, and causing its vapor 
to unite with that of water, a now deposition of that mineral 
wns produced in the upper part of the tube ; and in a similar 
manner boracic acid, which by itself does not subltnio, may be 
carried upwards and deposited Anew. I^ckkmePs BridgewaUr 
Treatise, Vol 1. f. 551. Pkillip^s Ge^gy, p. 273. 

Onclnsum. Probably ft wfll be neoesssry to call in th« aid of nearly ril 
Ihe preeedkig hypothcMt to expftain tbe eompiieated ph^nomaiifc of mineral 

veins. 

For accurate accounts of this difficult subject see PhiUip^s TVeatite on 
€feobgy. Vol. S. Chapter VIII. Also De La Beckers Geological Report a» 
ComwaU and Devon^ {^apter X, 
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SECTION IX. 

OONNBCTION BSTWSSM OBOLOOY AND NATURAL AMP 
RBTBALBD BBLIGION. 

1. Illustrations of Natural Religion from Otology. 

Rem. The bearing of geology upon religion, has always exdted a good 
deal of intoreat and of diaciiasion : and being in some respects peculiar and 
ioipoitant, a treatise on geology, which omits this subject, most be oonsid- 
cved as deficient 

Prin. Geology shows us that the existing system of things 
upon the globe had a beginning. 

Proof 1. Existing continents hare been raised from the bot- 
tmn of the sea, where most of their surface was formed by de- 
positions. 2. With a few exceptions, the existing races of ani- 
mals and plants must have been created since the deposition of 
all the rocks except the diluvial ; since their remains do not 
oecur in the older rocks. Hence it appears that not only the 
present races of organic beings, but the land which they inhabit, 
are of oomparatiTely modem production. 

Inf 1. Hence it is inferred that the existing races of animals 
and j^ants must have resulted from the creative energy of the 
Supreme Being : for even if we admit that existing continents 
might have been brought into their present state by natural 
^causes, the creation of an almost entirely new system of organic 
beings, could have resulted only from an exertion of an infinitely 
wise and powerful Being. Indeed, the bestowment of life must 
be regarded as the highest act of omnipotence. 

Inj. 2. Hence the doctrine which maintains that the opera- 
tions of nature have proceeded eternally as they now do, and 
that it is unnecessary to call in the aeency of the Deity to ex- 
plain natural phenomena, is shown to he erroneous. 

Ifrf. 3. The preceding inferences being admitted, natural 
Iheology need not labor to disprove the eternity of matter ; since- 
its eternal duration might be admitted, without affecting any 
important doctrine. See Chcdmeri Works, Vol. 1. Cha'p. V, on 
Natural Theology ; where this subject is admirably treated. 

Prin. Several different systems of organic life nave appear- 
ed on the globe, adapted to its varying conditions, as to temjpe- 
rature, moisture, fooa, and other circumstances. In the opinion 
of many geologists, also, numerous changes took place on th» 
globe previous to the creation of animals and plants ; all of 
which tended to prepare it for their dwelling place. 

Jnf 1. Hence it appears that the Deity has always exer- 
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eised orer the globe a sapenntending ProYidence ; and whex^ 
ever it was necessary, has interfered with the regular sequence 
of events. 

Inf. 2. A presumption is also hence obtained, that the mat- 
ter of the globe had a beginning : or at least, all presumption 
against its creation out of nothing, is taken away. For there 
must have been a commencement to a series of changes in which 
there is continued improvement, (such as the globe has actually 
experienced;) and it is a priori as probable, that at the begin- 
ning of these changes, matter was called into existence, as that at 
successive periods new race^ of animals and plants were created. 

Przn, In all the conditions of the globe from the earliest 
times, and in the structure of all the organic beings that have 
successively peopled it, we find the same marks of wise and 
benevolent adaptation, as in existing races ; and a perfect unity 
of design extending through every period of the world's his- 
tory. 

Proof 1. The anatomical structure of animals and plants 
was very different at different epochs: but in all cases the 
change was fitted to adapt the species more perfectly to its pe- 
culiar condition. 2. To communicate the greatest aggregate 
amount of happiness, is a leading object in the arrangements of 
the present system of nature : and it is clear from geology, that 
this was the leading object in all previous systems. 3. The 
existence of carnivorous races among existing tribes of animals 
tends to increase the aggregate of enjoyment, first, by the hap;, 
piness which those races themselves enjoy; secondly, by the 
great reduction of the suffering which disease and p:radual de- 
cay would produce, were they not prevented by sudden death : 
and thirdly, by preventing any of the races from such an exces- 
sive multiplication as would exhaust their supply of food, and 
thus produce great suffering. Now we find that carnivorous 
races always existed on the globe ; showing a perfect unity of 
design in this respect. Thus when the chambered shells, so 
abundant in the secondary rocks, and which were carnivorous, 
became extinct at the commencement of the tertiary epoch, 
numerous univalve molluscs were created, which were carnivo- 
rous : although till that time these races had been herbivorous. 

Inf From these statements we infer the absolute perfec- 
tion, and especially the immutable wisdom of the Divine charac- 
ter. A minute examination of the works of creation as they 
now exist, discloses the infinite perfection of its Author, when 
they were brought into' existence : and geology proves Him to 
have been unchangeably the same, through the vast periods of 
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psst iuniion, which that flCMBce shows to h*Te slapsod 
ths ofigiiiai fomation of the auittex of our emrth. 

Rem. The whole of this siibject in admirably developed in the fate splen- 
did Bridgewaler TreatiM, by Dr. Buekland. 

Pfin. Qeologv furnishes many peculiar proofs of the be- 
nsTolence of the Deity. The following are* the most striking. 

1 The formation of Soils by the decomposition of Rocks. 

tlltu. The disintegration of rocks, which we every where 
witness, strikes the mind at first as an exhibition of decay, in- 
dicating some defect of contrivance on the part of the Deity. 
But when we find that the soils resulting from this decomposi- 
tion Are exactly adapted to the growth of plants, and that these 
are essential to the existence of animals, we can no longer 
doubt but we have before us a bright exhibition of benevolent 



2. The disturbances that have taken place in the eartKs crust, 

Illus. To a person not familiar with geology, the elevation, 
disruption, contortion, and overturnings, exhibited by the rocks, 
present a scene of confusion and chaps rather than proofs of be- 
nevolent design. But suppose the strata had remained horizon- 
tal, as first deposited. Nearly all the beds of valuable rocks 
and minerals must have been hidden from human view, and ren- 
dered inaccessible. But the disturbances experienced by these 
strata have brought them within the reach oi human industry. 
Design then is manifest in this apparent confusion. 

3. The formation of Valleys. 

Blus, In mountainous countries tliese have resulted mainly 
from the elevation and dislocation of the strata. They have, 
however, been greatly modified and rendered beautiful and ara- 
ble, by means of atmospheric and aqueous agencies ; and to 
these latter causes most of the valleys in level countries owe 
their origin. Now without valleys, the earth would be unin- 
habitable ; because there could be no circulation of water, and 
stagnation and death would pervade all nature, even if we ad- 
mit enough of inequality to redeem a part of the earth frcmi the 
ocean. 

4. The distribution of Water. 

lUus, We might at first suppose, tnat in mountainous xegioiii| 



Digitized 



by Google 



PROOta OF dltriNE BfiNlETOLlBNCS. S77 

•11 the water would soon be aocamulated in the valleys. Wheve- 
as such are the nature and situation of the soil and rocks, that 
the ridges are usually as well watered as the valleys. The al- 
ternations of pervious with impervious strata form natural re* 
servoirs of water in the earth, and those dislocations of the 
strata, termed faults, tend to render these reservoirs still more 
perfect, while the fact that springs occur in almost every part 
of the earth, show that enough communications exist to the 
surface to allow of the passage of sufficient water for the support 
of animals and vegetables. These springs, uniting into rivers, 
find their way into the ocean ; where an equal quantity of wa- 
ter is evaporated, and brought back by clouds into the regions 
where this perpetual drain is going on. Thus a constant cir- 
culation is kept up; while the hyoraulic arrangements of the 
earth's crust are such as to keep a constant supply in all those 
places where it is needed. Surely here is benevolent desien ; 
and design too brought about by apparent disorder and confusion. 

5, The distribution of Metallic Ores, 

Illus. If the earth has been in a state of fusion, we should 
expect that the metals, being generally heavier than other min- 
erals, would have accumulated at the centre, and have disap- 
peared from the earth^s crust. But by means of sublimation, 
segregation, dnd other agencies, enough of these metals has 
been brought so near the surface as to be accessible to man. 
Yet they are not so abundant, nor so easily obtained, as not to 
demand patient industry and ingenuity, whose exercise is indis- 
pensable to human improvement and happiness. Again, the 
most important of these metallic ores, — ^iron, lead, copper, &c. 
are most abundantly distributed and most easily obtained. 

6. Glacio-aqueous Agency. 

Illus, The effect of those powerful agencies, until recently 
regarded as exclusively diluvial, that have swept over large por- 
tions of the earth's surface in past tim^s, has been to wear 
down its more rocky and salient parts, to convert steep escarp- 
ments into gentle slopes, and to increase the quantity of soil, 
and spread it more extensively over the surface. Hence, 
though at first a desolating agency, its ultimate efiect is most 
, salutary. 

7. Volcanic Agency. 
Illus. Tt operates, in the first place, as a sa&ty velva, to pn- 
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vent those vast accumulations of heat wluch exist in the eartli, 
from rending whole continents in pieces : in the second place, it 
aids in raising continents from the ocean and in the formation 
of valleys. 

Ohj, Why should not a benevolent Being, who is omnipo- 
tent, secure to his creatures the benefits which result from vol- 
canic agency, without the attendant evils, such as the destruc- 
tion of property and life ? 

Ans. This is a question that meets the student of natural 
theobgy at almost every step of his progress : for we find al- 
most universally, that evils are incident to operations whose 
natural tendency and general effect are beneficial. Probably it 
is so. because a greater amount of good can thereby be secured 
in the end. But the existence of evil is one of those difficult 
subjects, whose complete elucidation ought not to he expected 
in this world. 

8. Tke accumulation of extensive .deposits of'coal^ rock sdltj 
gypsuMj marble^ and other valuable minerals^ for the use 
of man, during the long periods that preceded his exist- 
ence. 

Illus. While the earth was in a state unfit for the animals 
and jdants now existing upon it, it was covered with a gigantic 
vegetation, whose relics became entombed, and were gradually 
converted into those beds of coal, which are now in the course 
of disinterment, and which are so important to human improve- 
ment and happiness. Then also, rock salt, gypsum, and mar- 
ble, were slowly preparing for the service of beings to be created 
centuries afterwards. Can there be a doubt but this is a beau- 
tiful example of the prospective benevolence of the Deity ? 

9. The adaptation of the natures of different groups of ani- 
mals to the varying condition of the globe. 

Blus, The Deity intended the world ultimately to become 
the residence of intellectual and moral beings : but for wise 
reasons he chose to bring it by slow processes of change into a 
fit condition for their residence. Yet his overflowing benevo* 
ience prompted Him to people the world, during this transition 
state, with animals whose natures were perfectly adapted to its 
condition. And as often as that condition changed, did he change 
its inhabitants and their constitution. He might have left it 
desolate during these mighty periods of preparation. But infi- 
nite benevolence would not permit. 
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Prin. Geology enlarges our conceptions <^ the jdans of the 
Deity. 

Exam. 1. The prevailing opinion, until recently, limits the 
duration of the globe to manis brief existence, which extends 
backward and forward only a few thousand years. But geolo^ 
teaeheis us that this is only one of the units of a long series in 
its history. It develops a plan of the Deity respecting its pre- 
'paration and use, erand in its outlines, and beautiful in its exe- 
cution ; reaching far back into past eternity, and looking for- 
wards, perhaps indefinitely, into the future. 

2. Each successive change in the condition of the earth thus 
far, appears to have been an improved condition : that is, bet- 
ter adapted for natures more and more perfect and complicated. 
In its earliest habitable state, its soil^nlust have been scanty and 
sterile, and almost destitute of calcareous matter, except m the 
state of silicates, which plants decompose with di&culty. The 
surface also, was but little elevated akove the waters : and of 
course the atmosphere must have been very damp ; though the 
temperature was very high. Every subse<|uent change appears 
to have increased the quantity and fertility of the soil, the . 
amount of the salts of lime and geine, and the dryness of the 
atmosphere. Should another change occur, similar to those 
through which it has already passed, we might expect the con- 
tinents to be more fertile and capable of supporting a denser 
population. 

3. It appears that one of the grand means by which the 
plans of tne Deity in respect to the material world are accom- 
plished, is constant change; partly mechanical, but chiefly 
chemical. In every part of our globe, on its surface, in its 
crusty and we have reason to suppose, even in its deep interior, 
these changes are in constant progress : and were they not, uni- 
versal stagnation and death would be the result. We have 
reason to suspect also, that changes analoeous to those which 
the earth has undergone, or is now undbrgoine, are taking 
place in other worlds ; in the comets, the sun, tne fixed stars, 
and the planets. In short, geology has given us a glimpse of a 
great pmciple of instability ^ by which the stability of the uni- 
verse IS secured ; and at the same time, all these movements and 
revolutions in the forms of matter essential to the existence of 
organic nature, are produced. Formerly the examples of decay 
so common everywhere, were regarded as defects in nature : 
but they now appear to be an indication of wise and benevolent 
design : — a part of the vast plans of the Deity for securing the 
st^tbility s^nd happines9 of the universe. 
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2 dmneetion of Geology with Revealed Religion. 

PriH, Rerektioa does not attempt to give instiuction in the 
principles of science : nor does it use the precise and accurate 
lang^aee of science : but the more indefinite languaee of com- 
mon lim. Nor does science attempt to teach the peciuiar truths 
•OBtained in revelation. 

Inf 1. Hence it is only where i^velation incidentally touches 
upon the same points as science, that the two subjects can be 
brought into comparison. 

Irtfi 2. Hence there may be apparent discrepancy between 
the two subjects, when there is real agreement, on account of a 
difference in the language emjdoyed : ex. gr. : the Bible appa- 
Mntly contradicts astronomy, when it asserts that the earth is 
tmmoTeable, and that the sun rises and sets : but that here is 
no teal disagreement, is too obyious to require proof. 

Inf 3. Hence it is reasonable to expect, omy that the prin- 
^jAoB of science, rightly understood, should not contradict the 
statements of revelation, rightly interpreted. Unexpected co- 
incidences, however, may occur between the two subjects ; and 
these will tend to strengthen our belief in the truth of both. 

Inf. 4. Hence the points of apparent discrepancy ought to 
be more numerous than the points of agreement between science 
and revelation, in order to prove a real contradiction between 
them : for it is as difficult to exjdain an apparent agreement, 
where there is real discrepancy, as the reverse. 

Points of Coincidence between Geology and Revelation, 

1. They agree in rejMresenting our pvesent continents as for- 
merly covered by the ocean. 

Proof That they were thus submerged, is one of the best 
settled principles of ^ology ; and that revelation teaches the 
same, appears from Genesis, 1 : 1,9. 

2. Tney agree as to the agents employed to produce geologic 
cal changes on the globe : vis. water and heat 

Proof Water is the only asent directly named in G^enesis : 
and the elevation of the land is imputed directly to the exertion 
of Omnipotence. But in Psalm 104 : 2. 4 to 7, whexe this 
operation seems to be described, the voice of GoUs thunder, there 
represented as the agent, may reasonably be understood to refer 
to volcanic agency. This same agency is represented as hav- 
ing destroyed the cities of the plain, according to Dr. Hender- 
son's translation of Job 22 : 15 to 20. A future change in the 
earth, is also described as resulting from fire, 2d. Peter^ 3 : 10. 
See Turner's Sacred History of the World, p. 24, 25. 
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3. They agree in representing the work of creation as pro- 
gressive, df ter the first production of the matter of the universe. 
Genesis, First Chapter, 

4. They agree in the fact that man was among the latest of 
the animals created to inhabit the globe. 

Rem. This is a very important point. For had the remains of man 
been foand among the earliest organic relics, while the Bible represents 
him as the last animal created, it would have been difficult to see how the 
two records could be reconciled. 

5. They agree in the fact, that the epoch when the existing 
races of animals and plants were placed upon the globe, was 
comparatively recent. 

Proof. According to revelation, this epoch could not have 
been more than 6000 years ago ; and although we cannot as yet 
connect geological and* chronological time, there are facts which 
prove that the commencement of the present order of things, 
and of the existing races of animals and plants, cannot have 
been very remote. Their remains occur only in alluvial depos- 
its. Now the quantity of alluvium at the mouths of rivers, al- 
though often advancing rapidly, is yet comparatively limited. 
The accumulation of frs^ments at the base of steep rocky }>re- 
cipices, is still in most cases going on : as is also the formation 
of peat. But had these processes commenced at an immeasur- 
ably remote period, they ought ere this to be completed. Wide 
oceans ought to be converted into alluvial plains, precipices 
should all be levelled, and peat swamps be so nlled that the pro- 
cess of its formation would stop. 

6. The facts of gjeology render the future destruction of the 
earth by fire, a not improbable event. 

Proof. Nearly all geologists admit that the earth contains 
vast reservoirs of heat ; and if these are brought into action by 
the fiat of the Almighty, the elements might be melted and the 
earth and the things therein he burned up. Or it is even easy 
to conceive how this internal heat, without miraculous interfe- 
rence, might, under certain circumstances, produce the same 
fesult. 

Stipposed Discrepancy between Geology and Revelation, 

Descr. The supposed discrepancies between geology and 
revelation, relate first, to the age of the world, and secondly, to 
the period when death was introduced upon the globe. 

Descr. Geologists suppose that the changes which have 
taken place on the globe, must have occupied immense periods 
of time ; and that several successive systems of animals and 

24* 
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atf inhabited the world preyioas to the ereatioA of the exist- 
ag races : whereas the Mosaic account, according to the com- 
mon interpretation, represents the matter of the »obe to have 
heen produced out of nothing, only a few literal days previous 
to the creation of man ; and that all the animals and plants 
that ever lived on the globe, were then brought into existence. 

Rem. I am not aware that this statement has e^er been formally ad- 
duced by any geological writer in opposition to revelation. But geolo- 
gists having come to the conclusion that the earth, in some fonn, must 
nave existed more than 6000 years, some Christian writers have inferred 
that this was opposed to the ^Mlosaic account, and have attempted a defence 
of revelation. And hence has resulted the prevailing opinion, that geolo- 
gists in general have been hostile to the Bible :— an oinnion which may be 
lefttted by an appeal to their writtogs. 

' PHn. In order to obviate this objection to leTelation, it is 
only necessary to show, that one or more modes exist, of reeoa- 
eiling the apparent discrepancy, which it would be more rea- 
sonable to adopt, than to infer any reid collisioa between the 
two records. Some of these modes of explanation will now be 
briefly described. 

1. Some theological (but no geological) writers maintain, that 
the fossiliferous rocks were not the result of slow deposition and 
consolidation : but were created at once, with all their oigank 
contents, just as we now find them. 

Refutation. This is admitted to be possible ; because God's 
power is infinite. But our only ground for judging as to the 
cause of any natural changes, is analogy i^-^and this is entirely 
opposed to the idea that rocks were thus produced .* and every 
example that can be quoted of rocks in a course of formation, 
is in favor of their slow formation by second causes. 

2. Some maintain that the fossiliferous rocks were deposited 
by the deluge of Noah. 

Refutation, 1. That deluge must have been for the most 
part violent and tumultuous in its action on the globe : for the 
ocean must have flowed over the land in strong currente ; and 
when it retired, urged on as it was by a wind, similar currents 
must have prevailed. But a large proportion of the rocks were 
evidently deposited in quiet waters. 2. If deposited by that 
delugb, the materials and entombed organic remains of the rocks 
ought to be confusedly mingled together; whereas in both 
these respects they are actually arranged with great regularity 
into groups. 3. The period occupied by the Noachian delu^ 
was vastly too short for the deposition of rocks twenty miles m 
thickness, and with a great numoer of entire and distinct chants 
in their nature and organic contents. 4. The organic remains 
in the rocks do not correspond to the animals and plante now 
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living on tlie globe. But this deluge took i^ace sinee the eiea- 

tion of the present races; and^ therefore, by this hypothesis, 
they ought to be found in the rocks., Henoe they were depos- 
ited before that eyent 

Rem. An apology is doe to the geological reader, for introducing a fcr- 
mal refutation of an hypothesis, which, to him, appears so entirely absurd. 
The apology consists in the &ct, that many intelligent men are still found 
maintaining this hypothesis. 

3. Some suppose that the fossiliferous strata haye been de- 
posited in the interval of 1600 years between the eieatioii of 
man and the deluge. 

RefiUati&n. 1. The time since the deluge has been twicer as 
long as 1600 years ; but the amount of alluyium deposited has 
not been one uiousandth part as ereat as the whole fosmliferous 
locks. Hence 1600 years is yasuy too short a period for their 
deposition : since no reason can be giyen why the process of 
their formation was essentially more rajnd before than after the 
deluge. 2. By this hypothesis the sea and land must have 



changed places at the deluge ; in order to bring the fossiliferous 
rocks from the bottom of the sea. But geology renders it ex- 
tremely probable that no interchange of this sort took place «o 
recently. 3. On this hypothesis the organic rMnains ought to 
consist of species of the existing races, with man among the 
number: unless we suppose that several new and distinct 
creations of animals and plants have taken place on the gkfbe 
since man was }daced upon it, none of which are mentioned by 
Moses. 4. There is the strongest evidence that the primary as 
well as the fossiliferous rocks, have resulted from secondary 
agencies ; that is, they have existed in some previous form, be- 
fore assuming their present state. But these changes could not 
have taken place after the creation and multiplication of man: 
because to take away the primary rocks is to take away all 
ierra firma on which he could have subsisted. 

4. Some regard the six days of the creation, (called the demx" 
urgic days) in the Mosaic account- as not literal days of 24 
hours, but periods of indefinite or unequal length, or as the 
representatives of indefinite periods. 

Rem, Three varieties of opinion are embraced in this theory, as above 
itated. 1. The more common sapposition is, that the term day is here to 
he understood figuratively, as embracing a long period of time : a mode of 
ising the term, that is frequent in all languages. 2. Some, as Bishop 
Hojsley and Professor Jameson, suggest that the revolution of the earth 
fn its axis was at first *' inconceivably slow," and that it did not ac- 
suire its present rate till the close of the fourth day ; so that the first 
lour da¥8 may have been of vast duration. PkUosopkical Magazine^ VU, 
17. p.^: aUo Vd, 46. p. 227. Still more recently this theoiy hu bean 
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Abljdtta«laMbyDr.KeUhinhUZ>em09U^a<£m0fM6 Trulh of C»irisiUt9^ 
iiy, p, 127. First American Edition, 1839. 3. Others, as Hensler in Ger- 
many, and Professor Bush in this country, suppose that each of the. six 
demiurgic days stands as the closing dnj, or representative, of an indefinite 
number of days, which make up six periods of unknown and perhaps un- 
equal length : during which geological processes might have been going on. 
American Biblical Repository, Vol 6, p. 236. Bu^'s Questions and notet 
upon the Book of GejiesiSj 2d. ed. 

Arguments in favor of this Theory. 

1. The word day is often used in SeriptiiTe to express a pe« 
riod of indefinite length, Ex. gr. Luke 17 : 24. — ^John 8: 56. Joh 
14:6. &c. 2. The sun, moon, and stars were not created till the 
fourth day ; so that the revolution of the earth on its axis in 
24 hours did not probably exist before that time ; and some 
other measure of time must have been adopted, which Moses 
tells us was li^ht and darkness : and how often these succeeded 
one another is not revealed ^ and therefore is unknown. 3. 
The seventh day, or the sabbath, has not yet terminated ; and 
will not, until God shall resume the work of creation ; tjiat is, 
it will continue from the beginning to the destruction of the 
world, and there is no reason why we oueht not to regard the 
other demiurgic days as of at least equal length. 4. In (Nrder 
to reconcile the declarations of Scripture wiUi the discoveries 
of astronomy, it is necessary to depart as much from the literal 
meaning as this interpretation demands. 5. This interpreta- 
tion corresponds remarkably with the traditional cosmogonies 
of many heathen nations ; as the ancient Etruscans, and the 
Hindoos, who describe the demiurgic days as immense periods. 
6. This theory is thought by Pro&ssor Jameson and others to 
develope a strikine coincidence between the epochs of creation 
as described by Moses and by geologists. BakewelV$ Geology^ 
p. 450. 

Ohj. 1. There is no evidence that the word day is used 
fij^ratively in the first chapter of Genesis, as it is in all other 
places in Scripture where it means an indefinite period, except 
perhaps Gen. 2: 4. On the contrary, the Mosaic description 
of the creation appears to be a very simple and perfectly hteral 
history, adapted to the most uncultivated minds. 2. In the 
.fourth commandment (Exodus 20: 9. 10. 11.) no one can doubt 
but the six days of labor and the Sabbath, spoken of in the 9th 
and 10th verses, are literal days. By what principle of inter- 
preting language, can the same word in the next verse, where 
the creation is described, be understood to mean indefinite pe- 
riods? See a parallel passage, Exodus, 31: 17. 3. It seems 
from Genesis 2: 5, colnT>ared with Gen. 1 : 11, 12, that it had 
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not ndned on tlie earth till the third day. If the days were 
only of 24 hoars, this would be very probable, but altogether 
absurd, if they were long periods. 4. Such a meaning is foreed 
«nd unnatural; and therefore not to be adopted without a very 
urgent necessity. 5. By this theory, existing species of ani- 
mals and plants ought to be found mixed with the extinct spe- 
cies in all the fossiliferoua rocks : for Moses describes only one 
creation of the different races. Now the fact that they are not 
thujs mixed, shows that they could not have been contempora- 
ries. If then the Mosaic account includes* the fossil species, it 
does not include the living species : and if it embraces the lat- 
ter, it cannot comprehend the former. It is hence inferred, that 
the Mosaic account embraces only existing races, and if this be 
admitted, there is no necessity of supposing the demiurgic days 
to be longer than literal ones. 6. if this theory be admitted, 
instead of exhibiting coincidence between the Mosaic and the 
geological account of the epochs of creation, it produces be- 
tween them manifest discrepancy. For Moses describes vege- 
tables to. have been created on the third day, but animals not 
until the fifth. Hence about one third of the fossiHferous 
rocks, reckoning upwards, or those deposited during the first 
three days, ought to contain only vegetables. Whereas, animals 
are found as deep in the rocks as vegetables : nay, in the lowest 
group, nothing hut animals has yet been found. 7. The con- 
clusion from all these statements, is, that Moses does not de- 
scribe the fossil but only the existing races «f animals and 
plants ; and if so, there is no necessity for an extension of his 
demiurgic days into long periods, in order to reconcile his ac- 
count with geology. 

Rem, For a fuller examination of the preceding theory, See Faber't 
lyeatise on th£ PaJbriarck/d^ Leviticalf /md Christen DispenuUums: De 
Lmc^s Letters on the Physical History of ike Earth z BakeweWs Geology^ 2d, 
American Ed. p. 439: and the Ainencan Biblical Repository foi' October^ 
1835. It ought perhaps to be remarkeif, that Faber, ^ho nad advocated 
this theory with great ability, has recently ^ven it up. Bticfdand*s 
Bridgewater Treatue, Vol 1. p. 697. %i. Ed. 1837. 

5. Some suppose that the Mosaic account is a pictorial repre- 
sentation of the successive productions of the different parts of 
creation, having truth for its foundation, yet not to be regarded 
as literally and exactly true. The terms employed, however, 
are to be understood in their literal sense. 

Pkts. Conceive of six separate pictures, showing the work in different 
stages of its progress, "^nd as th» performance of the painter, (says Dr. 
Knapp,) though it must have natural truth for its foundation, must not 
be considered or judgt^d of as a delineation of mathematical or scien- 
tific accuracy, so neither must this pictorial representation of the creation 
beiregarded as literally and exactly true." Knapp's Theology , Vol, 1. p. 364. 
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Inf, Whether this interpretation of the Mosaic account be 
admissible, is a question of mere philology, and cannot be dis- 
cussed in this place : but admitting its correctness, it affords a 
«d[iition for the apparent discrepancy between geology and reve- 
lation : for when it is conceded that the earth may have existed 
« longer time than the usual interpretation of the Mosaic ac- 
count allows, there is no reason why the time may not be indefi- 
nitely extended ; which is all that geology requires. 

6. The theory of interpretation which is now the most exten- 
sively adopted among geologists, supposes that Moses merely 
states that God created the world in the beginning, without fix- 
ing the date of that beginning ; and that passing in silence an 
unknown period of its history, during which -the extinct ani- 
mals and plants found in the rocks might have lived and died, 
he describes only the present creation, which took place in six 
literal days, less than 6000 years ago. 

Arguments in favor of this ikeory with objections against it. 
1. It is maintained by some able writers, such as Dathe, Doe- 
derlin, &c. in Germany, Milton in England, and Prof Bush in 
this country, that the language employed by Moses in the first 
chapter of Genesis, does not mean a creation of the world out 
of nothing ; but only a renovation, or re-modelling of previously 
existing materials. Pentetetichus a Dathio, p. 8. Doederlinii 
Theologia, p. 485. Bushes Questions and Notes on Genesis. 
Such writers of course admit the existence of the globe during 
an indefinite period before the six demiurgic days. The argu- 
ments for their opinions may be found in their works above re- 
fisrred to. See also American Biblical Repository, Oct. 1835, 
p. 280. 2. The phrase, in the beginning, is certainly indefinite 
as to time, and therefore Moses in Genesis does not fix the time 
of the original creation, even if we admit that he does describe 
that event ; and therefore, it is doing no violence to his lan- 
guage, to admit this long intervening period between the crea- 
tion of the universe and of man. If it be said, that in the 
fourth commandment Moses does declare the creation of the 
world out of nothing to have been contemporaneous with the 
first demiurgic day, it may be replied, that when a writer de- 
scribes an event more than once, his briefer description is to be 
explained by his more extended account: so that the fourth, 
commandment is to be explained by the fuller description in 
Genesis, of the same event. 3. This view of the first chapter 
in Genesis has been adopted ^ its essence- by many distin- 
guished Christian writers, long before the existence of geology 
as a science : as for example, by Augustine, Theodoret, he. in 
ancient times ; and by Rosenmuller senior, Bishop Patrick, fee. 
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in modern times* 4. If such an interval be admitted^ it is suffi- 
cient entirely to reconcile the scriptural and geological accounts: 
because, during that period, all the fossiliierous rocks except 
the alluvial, might have been formed. 5. Astronomy shows us 
that probably other worlds are now undergoing slowly the pro- 
cess of preparation for habitual globes, in a manner analogous 
to that which is supposed to have taken place in the materials 
of the earth, anterior to the demiurgic days. And thus we 
obtain a glimpse of a general principle. in the universe. 6. If 
it be objected according to Moses, the sun, moon, and stars were 
not created till the fourth day, it may be replied that a more 
just interpretation of his language shows his meaning to be, not 
that the heavenly bodies were created on the fourth day, but that 
they were then first appointed to serve their present offices ; and 
that they might have been in existence through countless ages. 
7. In his late able and most interesting work, On tlu Relor 
ti0n between the Holy Scriptures and some parts of geological 
Science, Dr. John Pye Smith, who is at the head of a Theolo^- 
cal Institution at Homerton near London, and who is distin- 
guished for his knowledge of theology, biblical philology and 
geology, has proposed sucn an addition to the interpretation of 
Genesis just explained, as in fact to form a new method of re- 
conciling geology and revelation. His principal positions are 
the following; 1. The first verse of Genesis describes the 
creation of the matter of the whole universe, probably in the 
state of mere elements, at some indefinite epoch in past eternity. 
2. The term earth, as used in the subsequent verses of Genesis 
describing the work of six days, was ^' designed to express' the 
part of our world which God was adapting for the dwelling of 
man and the animals connected with him. 3. The narrative 
of the six days work is '^ a description in expressions adapted 
to the ideas and capacities of mankind in the earliest ages, of a 
series of operations, by which the Being of omnipotent wisdom 
and goodness adjusted and finished not the earth generally, but 
as the particular subject under consideration here, a portion 
of its surface for most glorious purposes. This portion of the 
earth I conceive to have been a large part of Asia lying be- 
tween the Causican ridge, the Caspian Sea, and Tartary, on the 
north, the Persian and Indian Seas on the south, and the high 
"mountain ridges which run at considerable distances, on the 
eastern and western flank." P. 285, London Ed. " 3. This 
region was firsts by atmospheric and geological causes of pre- 
vious operation under the will of the Almighty, brought into a 
condition of superficial ruin, or some kind of general disorder." 
Probably by volcanic agency it was submerged, covered with 
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fogs and eloads, and sttbaequently eknrated and tlia atmosplien 
by ib« ftmrth day rrodeied pellucid. 4.. Tbe sun, moon, and 
Btan ware not created on the fourth day : but then " made, 
coastitiited, or appointed, ta be luminaries." 5. The Noachian 
deluge was limited to that part of the world occupied by the 
human race, and therefore we ought not to expect that any 
traces of it on the globe can now be dktinguished from those oif 
preyioas and analogous deluges. 

Rem. It M impoMible in this place to prwent even a sumnnry ef the 
powerful reaeuning 9M accitrate erudition by which Dr. Smith aastaios 
the abofe poskioas in his Lectures. The evidence in favor of several of 
them has already been exhibited; and I shall merely state the two lead* 
Ing principles by which he supports what is peculiar in his system. 

Proof 1. In the description of the Divine Character and of 
natural phenomena, the sacred writers use language acoomma- 
dated to the knowledge that existed among the people whom 
they addressed, and conformed to their notions of the universe. 
Hence, when they wished to speak of the universe to the Jews, 
they called it the heavens and the earth. But when they spoke 
of the earth only, we are not to suppose that they used the 
term in an astronomical sense, but to'oesignote that limited part 
of it which was inhabited. For this was all the idea which the 
-mind of the Jew attached to it f since he knew nothing of the 
earth beyond those limits. Hence the six days work of creation 
may have been limited to a small part of the earth's actual sur- 
face. 2r This view corresponds to the fact that there appear 
to have been numerous centres of creation ; both of animals and 
plants, instead of one spot from which all proceeded. 3. Also 
with the fact that a considerable number (» species of animals 
and plants, which were created much earlier than man, as their 
remains in the tertiary strata show — ^still survive, and do not 
appear to have perished since their first cfeation. 4. Univer- 
sal terms are of^en used (in Scripture) to signify only a very 
large amount in number or quantity: as for instance, all ih^ 
earth came to JBgypt to buy from Joseph : for the famme was 
extreme in all the earth. Hence the terms descriptive of the 
deluge may not have literally embraced the whole earth ; but 
liave included only the earth then inhabited. 

8. Some contend, that even if all the methodsof reconciling 
the two records that have been described, should be regarded by 
any as unsatisfactory, it would be premature, in the present 
state of geology and of sacred philology, to infer any real dis- 
crepancy between them: and especially to infer that the sacred 
historian is in error. 

Proof 1 . Because the rapid progress of geological discovery, 
and the not unfiequeat changes oi opinion among geologists on 
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importaat pointa, show us that poMibly moie light mky V^t 
come from that quarter. 2. Because the exegesis of the first 
chapter of Genesis cannot by any means be regarded as settled: 
in proof of which, it is only necessary to refer to the great di** 
versity of opinion, on many parts of this chapter, yet to be 
found among very able commentators. Hence we may hope 
for new light from this quarter. 3. Other apparent discrepan- 
cies between science and revelation, even more striking than 
that^bove examined between geology and revelation, have dis- ~ 
appeared when the subjects were better understood. For in- 
stance, the doctrine introduced by the astronomers 200 years' 
ago, that the earth revolves on its axis, and that the heavenly 
bodies do not actually rise and set, seemed to the most acute 
and learned theologians of those times, to be in point blank op^ 
position to the Bible; which^ declares, that the sun^risetk and 
goeth down ; and that God laid the foundation of the earth thai 
if should not be removed forever. They tAsofelt the earth tob« 
at rest ; and saw the heavens in motion ; so that this new doe* 
trine of the Copernican system was opposed, not only to the 
Bible, but to the senses. Yet who now suspects any collision 
between astronomy and revelation ? How premature then, to 
infer from a less 'striking apparent discrepancy between geology 
. and the Bible, that any real opposition exists ! 

Second Supposed Discrepancy. 

Descr. The general interpretation of the Bible has been, 
that until the fall of man, death did not exist in the world even 
among the inferior animals. For the Bible asserts that by man 
came death, (I Cor, 15: 21.) and by one man sin entered into 
the world and death by sin. (Rom. 5: 12.) But geology teaches ua 
that myriads of animals lived and died before the creation of man. 

Solution of the difficulty. Admitting that geology does show 
that violent and painful death was in the world before the fall 
of man, the following suggestions furnish a plausible reconcilia- 
tion of the supposed difficulty. 

1. Not only geology, but zoology and comparative anatomy, 
teach us that death among the inferior^animals did not result 
from the fall of man, but from the original constitution given 
- them by their Creator. One large class of animals, the carni- 
vorous, have organs expressly intended for destroying other 
classes for food. Nor will it avoid the difficulty to suppose, as 
some have done, (although obviously in the face of the plain 
meaning of the first chapter of Genesis,) that carnivorous ani-^ 
mals were not created t^l the time of the deluge. For oth^r 
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f ff>?mftla mxiat have lived on yegetablas, and in doing this, tlMiv 
must have deatroycMl a multitude of minute insects, of which 
eeyeial mpecies inhabit almost every species of plant Much 
more dimcult would it have been, to avoid destroying millions 
of animalcula, which abound in man^r of the fluids which 
animals drink, and even in' the air which they breathe. Still 
farther, throuebout the whole range of organic nature, vegetable 
as well as ammal, decay and dissdiution are inevitable after a 
longer or a shorter period. In this respect, the human system 
is c<mstituted just hke all other organic natures. So that death 
appears to be a universal law of organic being, as it exists on 
earth. Moreover, without miraculous interference for protec- 
tion, (Mr an entire change of the {Mrefient laws of nature, ani m als 
must have been exposed to occasional vic^ent disorganization : 
as for instance, from the falling of heavy bodies upon them ; or 
from the shock of projectiles ; even though there were no ten- 
dency in their natures to dissolution. In short, death could not 
be excluded from the world, without an entire change in the 
constitution and course of nature ; and such a change we have 
no reason to suppose, from the Mosaic account, took place when 
man fell. 2. But God could remove any race of animals, say 
man out of the world, and introduce them into another state, 
without violence, disease, or sujffering ; and make the change, in 
fact, like many changes in life, a pleasant one ; free from those 
concomitants which now indeed constitute death. He has al- 
ready removed a few from the world in this manner ; as Enoch 
and Elijah, and the Bible informs us that those who remain 
alive at the second coming of Christ, will in a similar manner 
be tr(m8lated,9ind not die. (1 Cor. 15rdl, 52.) This probably 
would have been the happy lot of all mankind, if they had not 
sinned. That they could not have continued on earth indefi- 
nitely, is certain: provided the present laws of their multiplica- 
tion were not suspended: because the world ere long would 
have been filled. 3. The threatening of death to Adam for dis- 
obedience, seems to imply a knowledge on his part, of what 
death was, that is, he had seen it among the inferior animals : 
for it would be a strange legislation, that imposed a penalty of 
which those under the law could form no idea. 4. The two 
most striking passages of scripture, respecting the introduction 
of death into the world, have been already quoted. In regard 
to that from Romans, 5: 12, ^^ one man sin entered into the 
worlds and death by sin, the conclusion of the sentence, — and 
so death passed upon all men, for that all have sinned, — shows 
that its meaning must be limited to the human race. For it 
;«»« not that death passed upon all animah. but upon all men; 
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mnQ l>eeaU8« all had sinned, an act of which the inferior animak, 
destitute of moral natures, are not capable. In like manner, the 
passage from 1 Cor. 15 : 21, JFbr sinre by man came death, is lim- 
ited to the Jbuman race by the concluding part of the verse : by 
man came also the resurrection of (he dead. For the object here 
is to draw a contrast between Adam and Christ, as to their in- 
fluence upon the human family. If the inferior animals are 
included, then they must not only share in the resurrection, but be 
interested in the redemption by Christ, •b. Able writers on the 
Bible have adopted these views in regard to the nature .and ex- 
tent of death, long before geology was known as a science. 
To quote only Jeremy Taylor, " That death," says he, 
^ which God threatened to Adam, and which passed upon his 
posterity, is not the goine out of this world, but the manner of 

foing. If he hftd stay^ in innocence, Jie should have gone 
ence placidly and fairly, without vexations and afllictive cir- 
cumstances, he should not have died by sickness, misfortune, 
defect, or unwillingness, but when he fell he began to die, &c." 
jHWy Dying, p. 295. Amherst Ed. 1831. 

Bern, For a foil and able discussion of this whole sulyect, see Dr. J. P. 
Smith's Lectures on Scripture and Geology, p. 96, 294, and 361. 

General Inf. It appears from the preceding statement, first, 
that the coincidences between geology and revelation, upon 
points, where we might reasonably expect collision, if both the 
records were not essentially true, are much more numerous than 
the apparent discrepancies: and, therefore, the presumption is, 
that no real disagreement exists. Secondly, it appears that 
there are several modes of reconciling the few apparent discre- 
pancies, which, on general princijies, it would be far more rea- 
sonable to adopt, than to infer any real disagreement between 
the two records. Aod this is all that sound j^ilosophy requires. 



SECTION X 

THE HISTORT OF GEOLOGY. 

Prin. Greology is eminently an inductive science. Now it 
is only within the last half century, that sufficient facts had 
been collected to make any important correct inferences respect- 
ing the cauifes of geological change. Hence all the speculations 
of philosophers previous to that time, on this subject, must have 
been mere, hypothesis ; son^etimes indeed displaying great inge- 
nuity, and approximating closely to the truth, but more com- 
monly, so extravagant as to be the butt of ridicule. 

Prin. Geology is likewise dependent upon an advanced 
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and aecuimte knowledge of ehemistfy, botany, and soolo^^ 
auch a knowledge as has Wn attained onl^ within the last lia 
century. On this account abo, all previous speculations on 
geoloffy must have been crude and fanciful. 

hkj, 1. Hence the earlier hypotheses on cosmogony, which 
have been so long the subject of ridicule, ought not to be con- 
nected with the science ol' geology, as they have long been, to 
its reproach. - ~~ 

/»/. 2. Hence the history of the earlier hypotheses, usually 
called Theories of the Earth, is of little importance in its bear- 
ing upon the science of geology ; though highly amusing and 
instructive, as illustrating the struggles of the human mind after 
' the truth. A brief sketch only will, therefore, be here given 
of these hypotheses. 

DescT, One of the most prevalent opinions among ancient 
philosphers, and which constituted a fundamental principle in 
their cosmogonies, supposes the world to have been subject to 
successive destructions and renovations by fire and water. 
The Grecian philosophers, who derived their noticms from the 
£ffyptian, .denominated those catastrophes the Cataclysm^ or 
deluge ; and the Ecpyrosis, or destruction by fire. The inter- 
val bstween these changes was variously estimated from 120.000 
to 860.000 years. 

Deser. Pythagoras entertained verv accurate notions respect- 
ing the operation of existing causes of geological change on the 
globe ; such as the changes of sea into dry land, and the re- 
verse ; the formation of deltas and other alluvial deposits ; and 
the formation of islands by the action of oceanic currents. In 
fact, this philosopher approximated as nearly to the modem 
views of geologists on these subjects, as he did to those of mod- 
am astronomers respecting the heavenly bodies. 

Descr, We find Strabo, the geographer, explaining the man- 
ner in whiclr fossil marine shells were brought into their situa- 
tion upon the dry land, in a manner that woufd'do no discredit 
to a modem geologist. He supposes them deposited originally 
at the bottom of the ocean, whose bed was subsequently elevated 
by earthquakes and volcanic agency. 

Descr. In modern times, after the dark ages, science Jbegan 
first to be revived among the Arabians. Even as early as the. 
tenth century, some of their writers, as Avicenna and Omar, 
produced some works on mineralogy and geology, which were 
not without considerable merit. 

Desert Among Christian nations, geological' facts first began 
to excite attention in Italy, in the early part of the sixteenth 
century. Two questions were stated respecting organic re* 
mains : first, whetner they ever belonged to living animals and 
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pluito : secondly, if the afirmatiTe of tUs question be admitted, 
whether the petrifaction and situation of these remains could be 
eitplained by the dduge of Noah« 

Descr. These questions occupied the learned World for 
nearly ~300 years. At the commencement of the controversy in 
Italy, in 1517, Fracastoro maintained, in the tme spirit of the 
geok>ffy of the present day, that fossil shells-all once belonged 
to living animau, and that the Noachian deluge was too tran- 
sient an event to exj^in the phenomena -of their fossilization. 
But Mattioli regarded them as the result of the operation of a 
certain maieria pingnis, or " fatty maltter," fermented by heat 
FaUopio, Professor of Anatomy, supposes that they acquire 
their forms in some cases, by "the tumultuous movements Or ter- 
restrial exhalations ;" and tnat the tusks of dephants were mere 
eaHhy concretions. Mercati conceived that tneif peculiar con- 
figuration was derived from the influence of the heavenly bodies ; 
while Olivi regarded them as mere "sports of nature. Felix 
Plater, Professor of Anatomy at Basil, in 1517, referred the 
bones of an elephant, found at Lucerne, to a giant at least 19 
feet high: and in £nglan4 sin^lar bones were regarded as 
those of the fallen angels t 

Descr. At the beginning of th^ t8th century, numerous 
theologians in En^and, France, Qefrmany, and Italy, engaged 
eageriy in the controversy respecting organic remains. The 
point which they discussed with the greatest zeal, was the-con- 
nection of fossils with the deluge of Noah. That these were 
all deposited by that eventj was for more than a century the 
prevailing doctrine, which was maintained with great assurance : 
and a denial of it regarded as nearly equivalent to a denial of 
the- whole Bible. 

Descr. The question, also^ whether fossils ever had an 
animated existence, was discussed in England till near the close 
of the 17th century. In 1677, Dr. Plot attributed their origin 
to " a plastic virtue latent in the earth." Scheuchzer in Italy, 
however, in ridicule of this opinion, published a Work entitled, 
Querida Piscinm ; or the Complaints of the Fishes ; in which 
those animals are jnade to remonstrate, with great earnestness 
that they are denied an animated existence. 

Descr* Such discussions, however, tended to lead men to 
the collection of facts ; and in 1678, we find Lester publishing 
an accurate account of British shells, to which were added the 
fossil species, under the name, however, of iurhinated and bi- 
valve stones. He also first proposed the construction of regular 
geological maps. 

Descr. In 1680 the distinguished mathematicia;: Jmitmi^ 

25* 
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]RiUi9li0d kia ^ Protogaaf" in wkitk he developei a thooiy of 
(he formation of the earth, and of subeeqnent changes in its 
erust, ahnost exactly like that which is now so widely adopted 
among geologists under the name o£ the igneoos theory. 

Descr. In the posthnmous works of Robert Hooke, an 
English physician, published in 1668, are many views mnch in 
advance of nis time, respecting eeoloffical changes and phenome- 
na : especially respecting earthquakes and organic remains ; 
which ne maintains could not have been produced by the No- 
iwhian delujro. 

DesGT. The famous ni^aralist, Ray, who published in 1692, 
had similar views with Hooke : but ho. made improvements 
upon his predecessor; enecially in describing the effects of 
aqneous agencies in modifying the earth's surface. 

Descr. In most of the theories of the earth, however, that 
appeared in England in the latter part of the 17th and the first 
pMtof the 18th century, a strong determination is manifested 
to conneot goosey with theologr. This gave rise to what has 
been called Ute FWsico-Theologtcal School of writers. In 1690, 
Burnet published a visionary woik, entitled *' The Sacred 
Theory of the Earth ; containing jin account of the Original of 
the Earth, and all the general changes which it hath dieady 
undergone, or is to undergo, till the consummation of all things." 
This being written in an elegant style, attracted no little atten- 
tion. About the same time, Woodward, a Professor in Medi- 
cine, published a theory of the earth, in which he maintained 
that " the whole terrestrial globe was taken to pieces and dis- 
solved at the flood, and that the strata settled down from this 
promiscuous mass, as any earthy sediment, from a fluid." In 
1724, his disciple, Hutchinson, came out with the first part of 
his *' Moses's Principia ;" in which he attacked the theory of his 
master, as well as Newton's theory of gravitation : and he and 
his numerous followers maintained, that the Scriptures, when 
rightly understood, contain a perfect system of natural philoso- 

giy. This was tibe dogma which chiefly distinguished the 
utchin8<mian, or Physico-Theolo^oal Scnool ; and its pernio 
cious influence on the cause of religion and learning has scarcely 
yet ceased. 

Descr, The Italian geologists, who wmre contemporaries of 
these English cosmogonists, were far more rational in their 
views. They^ devoted themselves with considerable success to 
an examination of geological phenomena, and rejected the 
visionary notions of the English. The writings of Yallisneri, 
Moro, Generelli, Donati, Targiona, &c. discover a good deal of 
inliurtiy in ohsacvi^on and aouteaass in reasoning. 
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Deier. In 1749, Buffon, the French natuTalisi, produced en 
elegantly written hypothesis upon the formation of earth, based 
chiefly upon the views of Leibnitz already explained. Some of 
his views gave oflence to the Facility of Theology at Paris ; 
and he was compelled, like Galileo, to retract opinions, which 
at this day are maintained by geologists, with no suspicion that 
they contradict the scriptures. 

De$cr. About the middle of the 18th century, some valuable 
works were produced by Lehman, a German mineralogist, by 
the botanist Gesner of Zurich, and by Mitchell an Enghshman, 
on earthquakes* About the same time, aj^ared the work of 
Catcott on the Deluge : and although of the physico-theologi- 
cal school, he gave some valuable facts relating to diluvial cur- 
rents. 

Descr. Numerous other writerft on geology, towards the 
close of the 18th century, might be named. But Pallas and 
Saussure were the most distinguished. The former examined 
the mountains of Siberia, and pointed out the order in which 
the rocks there occur. The latter spent most of his time in 
studying the nature of the Alps, ai|d provided valuable materi- 
als for his successors. ' 

Descr. In Germany, France, and Hungary, schools have 
long existed for giving instruction in the art of mining. In 
1775, Werner was appointed professor in one of these institu- 
tions, at Freyburg, in Saxony : and in his lectures he attempted 
certain generalizations, in regard to the position and origin o{ 
rocks, that were yery extensively adopted, and for a Ion? time 
excited much controversy. He supposes that all rocks, the un- 
stratified as well as the stratified, were deposited by water ; and 
that originally every formation was universal on the globe: 
and that veins were fiUed by matter introduced from above, in 
aqueous solution. On account of his referring all deposits to 
the agency of water, his views were denominated the Neptunian 
Theory. 

Descr. Nearly at the same time, a Scotch geologist by the 
name of Hutton, published a Theory of the Earth, opposed in 
most respects to the doctrines of Werner. He supposes that 
the rocks which form our present continents were derived from 
the ruins of former continents ; which were abraded and carried 
into the sea by the agency of running water ; just as the same 
agency is now spreading over the bottom of the ocean, deposits 
of mud, sand, and gravel. Afterwards the unstratified rocks, 
in a melted state were protruded through these deposits, by 
which they were consob'dated, rendered more or less crystalline, 
and elevated into their present condition. Many of the fissures 
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also, were filled witli metallic and other matter, inject^ from 
beneath. When our present continents are nearly all worn 
down, Hutton supposes this process of consolidation and eleya- 
tion may be repeated. Indeed, in these changes he sees '' no 
traces of a beginning, no pros})ect of an end." Professor Play- 
fair, however, in his illustration of this theory, endeavors to 
how that Hutton did not mean by silch language that the 
world is eternal : but only that geology, like astronomy, does not 
disclose to us the time when this series of changes commenced. 

Descr. These rival hypotheses excited a mat deal of dis- 
cussion, both on the European continent and m England, for a 
great number of years. The final result is, that the theory of 
Werner has been almost universally abandoned ; especially so 
far as the unstratified rocks are concerned ; while that of Hut* 
ton, denominated also the Plutonian theory, has, in its essential 
principles, been adopted by most geologists of the present day. 

Descr. £>urine tnese discussions between the Neptunists and 
the Plutonists,' a humble individual in England, Mr. William 
Smith, was accomplishing more for geology than all its learned 
professors. He explored the whole of England on foot ; and in 
1790, published a "Tabular View of the British Strata," in 
which he classified the secondary rocks ; and although not ac- 
quainted with Werner's arrangement, he proposed essentially 
the same order of superposition among the rocks as that geolo- 
gist. He also ascertained that strata, somewhat remote from 
one another, could be identified by their organic remains. By 
extraordinary perseverance, he was able, in 1815, to publish a 
geological map of the whole of England. 

Deter. One important effect of excessive theorizing, was to 
produce an almost universal scepticism in unprejudiced philoso- 
phical minds in respect to all geological hypotheses ; and to 
make them feel the importance of amassing facts. Out of these 
feelings grew the London Geological Society, which was founded 
in 1807 ; and which has contributed more than any other publie 
institution, to advance the science. This Society selected a 
sentence for their motto, from the Novum Organum of Lord - 
Bacon, which invites " those to join them as the true sons of 
science, who have a desire, and a determination, not so much to 
adhere to things already discovered, and to use them, as to 

eush forward to farther discoveries ; and to conquer nature, not 
y disputing an adversary, but by labor ; and who, finally, do 
not indulge in beautiful and probable speculation, but endeavor 
to attain certainty in their knowledge." 

Descr. The example thus set in England, has been followed 
fn nearly every part of the civilized world ; and geological ath 
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drties, both loeal and national, hare been fomad in ao gnat 
numbers, that even their names cannot here be given. The 
London Geological Society has already produced eight quarto 
volumes of transactions. Many of the ablest philosophers of 
the age have devoted themselves to ^olo^al researches : and 
have applied the principles of induction with great success ; so 
that probably no^ other science has made so rapid advancee 
within the last half century, as geology. Very numerous geo- 
logical collections have been formed in almost every part otthe 
civilized world : accurate geological maps have been constructed, 
of nearly all Europe : and much interest is felt in the subject 
among all classes of the community. 

Descr. The rapid progress of the collateral branches of 
science, and their successful application to palaeontology, are to 
be regarded as among the most important means by which ge- 
ology has been thus rapidly advanced. The most important 
appucation of this sort, was that of comparative anatomy, to da- 
termine the character of organic remains, by the Baron Cuvier 
in his great work entitled, Ossem^ns Fosnles, ^c. in seven 
ouarto volumes ; first published in 1812. Numerous suceeas- 
lul applications have also been made of the discoveries in the 
various departments of zoology and botany, to the same object: 
the result of which has been, the great works of Goldfuts, 
Sowerby, Bronn, &c. on petrified mouuscs, zoophytes, &c. that 
of Agassia on fossil fishes ; and those of Adolphe Bromnuart 
and of Lindky and Hutton, on fossil plants. The s}£nd»l 
work of Cuvier and Alexander Brongniart ^ on the mineral 
geography and organic remains of the neighborhood of Paris,'' 
pubUshed in 18 11, constituted an era in geolo^; because it di- 
rected the attention of geologists to the tertiary strata, from 
which they have since gathered so rich a harvest. 

Descr. The present state of facts and theories in geology 
may be learnt from the preceding pases. Very many of the 
principles, which are now regarded as belonging to the science, 
may be considered as settled, as much as they are in most phy- 
sical sciences : though some of them may doubtless experience 
slight modifications. A few points of importance yet remain 
in a great measure unsettled. Perhaps on no one is there 
more diversity of opinion, than concerning diluvial action. In- 
deed, the whole history of opinions on this subject is very in- 
structive. When the subject was first discussed, as much as 
300 years ago, it was assumed as a most unquestionable fact, 
that whatever marks of a deluge any part of the earth's surface, 
exhibited, or even of the former presence of the ocean on the 
land, all most be referred to the aeluge of Noah. Nay it was 
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■don namtainad that tbe wiiole solid frame wofk of Ae globe 
was diasolved and le-deposited by tbe dilnvial waten. One af- 
ter anotber baye tbeee extravagancies of bypotbesis been given 
up, and nearly all geologists bave come to tbe conclusion, 
tbongb witbont denyine tne occnrrenee of tbe Noacbian del- 
uge, tbat no certain marks of tbat event are now to be discov- 
ered on tbe globe. Nay, tbe question now is, wbetber tbere is 
any evidence of tbe occurrence of a general flood at any epocb. 
Not a few believe tbat no sucb evidence exists ; wbile tbose 
wbo admit of a general deluge, for tbe most part, regard it as 
baving taken place anterior to man's existence on tbe globe. 
Tbe recent glacial tbeory, explained in a preceding section, 
makes it very probable, tbat what bas so long been regarded ^eis 
proofs of recent deluges, bas been tbe result cbiefly ofice, widi 
no otber deluge but wbat resulted from tbe melting of tbe ice. 
After centuries of discussion, it is also beginning to be found 
out, tbat tbe facts are yet very im}^rfectly known; and to an 
examination of tbese, eeoloe;i8ts are now devoting great attention. 
Descr. In Amencan mineralogy and geology, almost lite- 
rally notbing bad been done at tbe commencement of tbe nine- 
teentb century. A few individuals indeed, among wbom may 
be mentioned Dr. Seybert, of Pbiladelphia, Dr. S. L. Mitcbeil 
of New York, and Dr. B. Waterbouse of Harvard University, 
had commenced ratber earlier tban tbis, to make collections, 
and to eaU tbe public mind to tbese subjects. But tbe return 
of Mr. B. D. Perkins, and of Dr. A. Bruce from Europe, in 1802, 
and 1803, witb beautiful collections, and of Col. Gibbs in 1805, 
witb bis splendid cabinet, began to awaken more interest ; so 
tbat eie long courses of lectures upon tbem were introduced into 
several of our colleges. In 1807, William Maclure returned 
from Europe, and commenced, single banded, tbe Herculean task 
of exploring tbe geology of tbe United States ; and after several 
years of labor, during wbicb be crossed tbe Allegany range of 
mountains at different places not less tban fifty times, be ac 
tually produced a geological map of tbis wbole country ; wbicb, 
tbougb it eives only tbe Wemerian classes of rocks, forms a 
most valuable outline, and is a monument of great industry and 
perseverance. In 1 8 10, Dr. Bruce commenced bis Mineralogical 
Journal, the first scientific journal ever undertaken in tbis coun- 
try. But tbougb ably commenced, it reached only tbe fourth 
number, in consequence of tbe sickness and death of its editor. 
In 1818, Professor Silliman, wbo bad long been among tbe most 
distinguished and successfiil pioneers and teachers of tbese . 
sciences, commenced tbe American Journal of Science ; a work 
which has been continued, often at great personal and pecuniary 
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iaori&aM on the part of its editor, till it htm now completed its 
.41st. volume : and which has been a most efficient means of pro- 
moting, not only mineralogy and geology, but all the physical 
sciences in the United States. In this connection, the valuable 
Elementary Treatise on Mineralogy and Geology by Professor 
Cleveland, another of the early and distinguished cultivators of 
those sciences in this country, ought to be mentioned. It was 
published in 1816; and for a long time continued to be almost 
the only American work on these subjects of any importance. 
Since it .was out of print the able works of Professor Shepard 
and Mr. Dana on Mineralogy have taken its place. 

Descr, In 1818, the American Geological Society was or- 
ganized. But it has never accomplished much for the science ; 
not having published any separate volume of transactions. The 
Academy of Natural Sciences at Philadelphia, the Lyceum of 
Natural History at New York, and the American Academy of 
Arts and Sciences at Boston, have from time to time given va- 
luable papers in their transactions on mineralogy and geolo|^ * 
while several societies of more recent organization, but limited 
to particular districts of country, have been still more devoted 
to these subjects. The want of a general organization for the 
whole country, has long been felt to be a most powerful obstacle 
to the progress of Geology: and in April, 1840, those gentle- 
men who are engaged in the state surveys, met in Philadelphia, 
and formed themselves into the Association of American Geohh 
gists. Their second annual meeting was held in the same city 
on the first Monday of April, 1841, and it now numbers 79 
members. Its next meeting was held in Boston on the last 
Monday of April, 1 842. 

Descr. An important feature in the history of American 
geology, is the numerous geological surveys that have been 
executed, or are still in progress, under the patronage and direc- 
tion of the state authorities, as well as the United States Govern- 
ment. The leading object of these surveys, is to develope those 
mineral resources of the country, that are of economical value. 
But with a commendable liberality, the Legislatures have en- 
cou racked accurate researches into the scientific geoloey, and 
sometimes also into the botany and zoology of the several states. 
So numerous have these surveys become, that I may not be 
able to give in all cases their entire history up to the present 
time ; but since they constitute an important era in our geology, 
I shall give all the useful facts within my reach. 

Descr. The first survey, authorized by the government of a 
state, was that of North Carolina ; which was committed to 
Professor Olmsted, wb» !!!?.4,e a Tslu»ble report in two parts, the 
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firtt in 1824, and thd second in 1825 ; in wUck the eeoiiomieal 
seology of a considerable part of the state was given in a pamph- 
let oFUl pages. 

Descr. The year following, South Carolina gave a similar 
commission to Professor Vanuxem, whose report was published 
only in the newspapers. 

bescr. The survey of Massachusetts was proposed by Gov/ 
Lincoln in 1830, and commenced the same 7 ear by the author of 
this work. The first Report on the Economical Greology of the 
State was made in 1832, in a pamphlet of 70 pages. . in 1833 
a full report on the whole subject was made, in a volume of 702 
pages, with an atlas of plates and a ^eolo^ical map : of which a 
second edition was directed to be printed m 1834. In 1837, on 
recommendation of Governor Everett, a farther examination of 
some parts of the geology of the state was ordered : and in 
1838 a. report of thjis re-examination, embracing only the eco- 
nomical geoloffy, was made in a pamphlet of 139 pagss. The 
final report is just published in two quarto volumes of 300 and 
844 pages, with 56 plates and 282 wood cuts. The report of 
1833, embraced also the zoology and botany of the state; and 
when the re-examination was ordered, these departments were 
committed to Professors Dewey and Emmons : Rev. W. O. B. 
Peabody, Drs. Harris, Gould, and Storer ; ai^d George B. Emer- 
son, Esq., most of whom have already made extended reports. 

Descr. Tennessee was only two or three years later thalk 
Massachusetts in commencing a geological survey, under the 
superintendence of Professor Troost. In 1839 he had made 
five annual reports, the three last of which were pamphlets of 
32, 37, and 75, pages ; with a geological map of the whole state 
inthat of 1839. 

Descr. In 1834, Professor Ducatel was directed to make a 
Reconnoissance of the state of Maryland ; and his report the 
next year was a pamphlet of 38 pages. This survey embraces 
the topography ; of which Professor Alexander has charge. 
Seven annual reports in addition to the reconnoissance have 
been made by Prof Ducatel, of about 50 pages each, with maps 
and sections. 

Descr. G. W. Featherstonehaugh in 1834, received a com- 
mission from the government of the United States, to examine 
geologically " the territory of Arkansas and the adjacent public 
lands." His first report of 97 pages, with an extensive geologi- 
cal section, embracing 1600 miles, appeared in 1835, and his 
second of 161 pages, with four sections, in 1836. 

Descr. The survey of New Jersey was ordered in 1835, and 
a report made by Professor Henry D. Rogers in 1836, in a 
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pluiiplilet of 188 pages, with extenidye sections; tbe suryey 
naving been ordered the preceding year. His fingd report of 
361 pages was published in 1840, accompanied by a geological 
map of the state. 

Descr. The survey of New York was commenced in 1836. 
It embraced zoology and botany as well as geology ; and was 
pat into the hands of four principal geologists, viz. Profs. Ma- 
ther, Vanuxem, and Emmons, with Mr. Conrad, who were to 
employ each an assistant ; one botanist, viz. Prof. Torrey ; one 
zoologist, viz. Dr. J. £. De Kay ; and one chemist, viz. Profes- 
sor L. C. Beck. Subsequently Mr. Conrad was appointed pa- 
laeontologist to the survey ; and Mr. L. Hall took his place as 
geologist. These gentlemen made their first report in 1837, in 
a pamphlet of 212 pages, their second report m 1838, of 384 
pages; their third report in 1839, of 351 pages; their fourth 
report in 1840, of 484 pa^es ; and their fifth report in 1841 of ^ 
184 pages. The survey is now completed. 

Descr, The first report, which was a reconnoissance of the 
geology of Virginia, was made by Prof Wm. B. Rogers in 1835, 
of 36 quarto pages: his second report, in 1836, of 30 pages; 
his third in 1837, of 54 pages ; his fourth in 1838, of 32 quarto 
pages ; and his fifth in 1839, of 161 pages, and the sixth of 132- 
pages. Prof Rogers is aided in this work by five assistants : 
two of whom are occupied in the chemical laboratory. 

Descr. A survey was directed of the state of Maine in 1836, 
under the care of Dr. Charles T. Jackson. He made his first 
report in 1837, of 128 pages: his second in 1838, of 168 pages; 
and his third in 1839, of 340 pages. The work is now sus- 
pended, at least for a season : though it is hoped that it will not 
DO finally abandoned. Dr. Jackson had also a commission frOm 
Massachusetts and Maine, to examine the unsettled lands owned 
by them jointly, and he has made two reports on this subject in 
1837 and 1838. 

Descr. The survey of Connecticut was commenced in 1835 ; 
and committed to Dr. J* G. Percival for the geology, and to 
Prof. C. U. Shepard for the mineralogy. The letter gentleman 
made a report, in 1837, of 188 pages. Dr. Percival has not 
yet made his report, but it is expected speedily. 

Descr. The survey of Pennsylvania was begun in 1836, by 
Prof. Henry D. Rogers ; who the same year made a report of 
22 pages : and in 1837, another of 93 pages : also one in 1838, 
of 1 19 pages, another in 1839, of 252 pages, and a fifth in 1840, 
of 179 pages. Prof. Rogers has five assistants, one of whom is 
devoted to the laboratory, and four sub assistants. 

Descr. The first Geological Report on the state of Ohio, waa 

26 
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gubmitted to the government in 1 839 of 1 34 pag^s. This surrey 
is under the direction of Prof. W. W. Mather, as principal 
.geologist, aided by Dr. S. P. Hildreth, J. P. Kirtland, and 
Locke, and Professor Briggs, J. W. Foster, Esq. and Col J. W: 
Whittlesey. The latter gentleman has charge of the topograph- 
ical department, and Drs. Kirtland and Locke of the zoology and 
botany. Their second report in 1838 contains 286 pages with 
numerous drawings. This survey is for the present suspended. 

Descr. In Delaware, the work was commenced in 1837, by 
James C. Booth, Esq., who has made two annual reports, in 1838 
and 1839, in a pamphlet of 26 pages, and his final report of 183 
pages is just publisned. 

i)escr. In Michigan, the survey was committed to Douglass 
Houghton Esq., with two sub assistants in geology, one assistant 
in zoology, one botanist and zoologist, and one topoerapher and 
draughtsman. In 1838, the first report appeared of 37 paees : 
in 1839, the second report of 123 pages; m 1840, the third re- 
port of 124 pages, and in 1841, the fourth of 184 pages. 

Descr. The survey of Indiana was commenced in 1837, by 
Dr. D. D. Owen ; who in 1838, produced his first report of 34 
paffes ; and in 1 839, his second report, of 54 pages. 

Vescr, In 1839, the legislature of Rhode Island commissioned 
Dr. Charles T. Jackson to make a geological and agricultural 
survey of that state, and his report of 322 pages with a geologi- 
cal map has been published. 

In 1 840, the same gentleman was appointed to survey New 
Hampshire ; and his first annual report of 164 pages has been 
published in 1841. 

Descr. In Georgia, Mr. John R. Cotting was commissioned 
in 1836 j and he informs me that half the state has been sur- 
veyed ; that three section lines, from 300 to 430 miles long, have 
been explored ; and that it is intended to publish a volume of 
600 pages, shortly. 

Descr. In 1838, the legislature of Kentucky directed a 
Geological Reconnoissance of the State to be made, preparatory 
to a more accurate survey. This was executed by Pror W. W 
Mather, who reported at the close of the year in a pamphlet of 
40 pages. But I believe the work has not yet been prosecuted 
farther : although the developments made in Prof Mather's re- 
port, of the mineral resources of the state, are such that there 
can hardly be a doubt but the survey will be continued, by a 
people as intelligent as those of Kentucky. 

Descr. Professor W. M. Carpenter is now engaged (1842) 
by direction of the Legislature, in making an examination pre- 
liminary to a general geological survey of the State of Louisiana. 
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In 1839, Dr. D. D. Owen was commission«d by tlie gbvem- 

' ment of the United States, to examine the territory of Iowa: ox 

at least, its most promising mineral districts. The work was 

prosecuted by Mr. Owen with as many as 120 assistants ; and 

a report of 161 pages was published in 1840. 

Restdts. Thus it appears, that within the last 16 or 17 years, 
suryeys have . been commenced in 20 states and two territories 
of thia Union ; embracing an area of nearly 700.000 square 
miles. For the last four or five years, not less than 65 geolo- 
gists and assistant geologists have been constantly employed in 
tJiia work. Geological maps of Massachusetts, Rhode Island, 
New Jersey, and Tennessee, have already been published; and 
they are nearly prepared in many other states, so that we may 
expect ere long a complete geological map of the United States. 
Tne collections of specimens that have been made and will be 
deposited in the capitals of the different states and of the United 
States will be of great extent and value« and the vast number of 
chemibal analyses that have been made of different substances 
will prove of the utmost value. See my Anniversary Address 
before the Association of American Geologists in Philadelphia^ 
in April, 1841, where the facts are given in greater detail. ' 

' Descr. It ought not to be omitted in this connection, that 
at an earlier date than any of the state surveys were undertaken, 
the late Hon. Stephen Van Rensselaer, with great liberality and 
munificence, directed a geological survey to be made of tne re- 
gion bordering upon the £rie Canal ; and that Mr. Amos Eaton, 
who was employeci, made a report of 163 pages in 1824; with 
an extended section from the Atlantic to Lake Erie. 

Descr. Within a few years jjast, the British provinces of 
Nova Scotia and New Brunswick have been geologically ex- 
amined by Dr. Gessner, who has published reports of his labours. 

DtscT. As early as 1822, a geological survey of France was 
commenced by order of the Government, under the direction of 
M. M. Brochant de YiUiers, De Beaumont, and Dufrenoy. 
This work has been prosecuted with great ability for 20 years, 
and recently a large geological map of the whole kingdom has 
appeared. WhewelVs, History of the Inductive Sciences, Vol. 3. 
p. 534. London, 1837. 

Descr. In his Anniversary Address before the London Ge- 
ological Society in February, 1836, Phil. Mag. Vol 8. 3d. Se- 
ries, p. 568. Mr. Lyell says, " early in the Spring of last year, 
an application was made by the Master General and Board of 
Ordnance, to Dr. Buckland and Mr. Sedgwick, as Professors of 
Geolbgy in the Universities of Oxford and Cambridge ; and to 
myself, as President of the Geological Society, to offer our 
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I at t» dM «zpfidiflne7 of oonbimng a gaolo^cal exami- 
siatioa of the Engliui counties witk tlie geographical aurreja 
now in progress." The pUm was adoptM ; ana H. Ia De la 
Beche commissioned to make the Surrey. In 1839 he made a 
report on the Geology of Cornwall, Devon, and West Somerset, 
in a volume of 684 pages, with 12 Plates. 

Inf. Those whose recollection enables them to compare the 
atate <^ geological science 30 years ago with its present condi- 
tion, and the umost universal interest now taken in it, with the 
almost entire afaeence of all interest or knowledge on the su^eet 
then, will hardly vantore to predict what will be its eoadition 
80 yeaxB heni^e. 



SECTION XL 

eBOORAPHICAL OEOLOOT. 

Z>e/ By Geographical Geolory I mean a description of (ha 
geology of different countries of the globe. like simple geo^- 
phy, this must be very imperfect in regard to many countries. 
Indeed, the geology of some extensive regions must be con- 



aidered m too 



eology of some extensive rej^ons must 
little known to admit of descnption. 



VirROPB. 



England, 

Rem, Tie rocks of no country on the globe have been studied 
io carefully and successfully as those of Enfj^and. Indeed, the 
descriptions of rocks in general, given in this treatise, is biksed 
upon those of Great Britain : and, therefore, little more will 
here be needed than.tp dascribe briefly their distribution in that 
^untry. 

Dt$cT, The primary rocks are confined chiefly to the west 
or mountainous part of England, viz. Wales, Cumberland, 
Cornwall, and Devon. In proceeding easterly, the country be- 
comes hilly and then level, and the rocks generally become 
newer and newer, until we reach the alluvium of the eastern 
coast The unstratified rocks are mostly confined to the west- 
em districts, as are the Cambrian and the Silurian Groups. 
The estuary of the Thames contains the principal deposit of Uie 
tertiary strata. 

Descr, Probably coal is the most important mineral found 
in England ; and that country is remarkaoly well supplied with 
Jit Conybeare and Phillips describes five great coal districts ; 
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1. Thatnortliof the Trent: 2. Central coal district: 8. West- 
ern coal district : 4. Middle western, or Shropshire : 5. South 
western. Some statements, however, have already heen made 
in respect to the coal deposits of England, on page 62. The 
annual amount of coal dug and consumed in England and Ire- 
land is about 15.500.000 tons. 

Descr. Extensive deposits of iron often accompany the coal 
of England ; as well as the limestone necessary for smelting 
the ore ; and the firestones for the furnaces ; while the coal sup- 
plies the fuel. In 1839, the amount of iron manufactured from 
ore in England, was 1.312.000 tons. Mining Review, Dec, 
1839, p. 182. 

Descr. England contains several mining districts where 
other metals are found ; the chief of which are, copper, tin, 
lead, and antimony. In Cornwall and Devon, the mines of 
these metals are in primary or transition rocks. Rich lead ^ 
mines with copper and zinc, are also found in the mountain 
limestone of England and Wales. The amount of oxide of 
tin raised in 1839, was 4868 tons. Mining Review for Feby. 
lS40,p. 14. The amount of lead in 1835, was 46.112 tons, 
and the amount of copper in 1837 was 1 1.209 tons. 

Descr. In the new red sandstone at Northwich, is a valuable 
deposit of rock salt, the two beds being 60 feet in thickness and 
a mile and a half long. The salt springs at Droitwich produce 
700.000 bushels of salt yearly, and the whole amount in all "Entt- 
land, is 15.000.000 bushels. In the London clay, the septana 
produces the valuable Roman Cement ; which is carried all over 
the world. Many other valuable minerals exist in the rocks of 
England, which cannot be here specified. 

Scotland. 

Descr. Scotland is much more mountainous than England, 
and is composed generally of primary and older secondary rocks. 
All the varieties of the former occur here^ and are fully devel- 
oped. They consist of granite, syenite, porphyry, trap, and 
serpentine ; which are unstratified, and of eneiss, n^uca slate, 
quartz rock, and clay slate, which are stratifiea. The secondary 
x'ocks are gray wacke, old and new red sandstone, mountain lime- 
stone, coal formation, lias and ooHte, which are covered with 
diluvium and alluvium. 

Descr. The amount of iron smelted in Scotland in 1839, 
was 200.000 ions. Copper, lead and silver, are also obtained 
there. The annual value of lead is about 603.000, and of the 
silver, $44,400. Several important coal fields exists, which fur- 
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nisli a large supply. The Mid Lothian coal fields produce an- 
nually 390.00 tons ; and they are calculated to contain 2250 
millions of tons: which would supply the whole of Great 
Britain, which annually consumes 30 millions of tonS; for 75 
years Mining Review, Oct. 1839, p. 149. The Brora coal is 
said to be in oolite : but its quality is poor. 

DescT. The Western Islands of Scotland are remarkable 
for unstratified rocks, which produce much wild and interesting 
scenery. See MaccullocKs Western Islands^ in threfi Volumes. 
London, 1810. 

Ireland. 

Dtscr. All the primary and older secondary rocks, both 
stratified and unstratified, occur in Ireland on an extensive 
scale. Chalk also is found beneath the trap. Perhaps the 
Bost striking feature of Irish geology is the vast deposit of trap 
in the northern part of the island. It occupies an area of 800 
square miles, ana is 545 feet in average thickness. Where it 
extends to the coast, it exhibits the famous columns, which con- 
stitute the Giant's Causeway and FingaVs Cave : the latter be- 
ing upon the island of Stafia. The chalk on which this trap 
tests, is often chanced into eranular limestone. Beneath the 
ohalk lie green sana, lias, and variegated marls. 

Dticr. Ireland contains several coal fields. Nearly all that 
in the province of Munster is anthracite; which is used to 
some extent for burning lime. The other basins produce bitu- 
minous coal. The peat bogs in that country occupy, it is said, 
more than one tenth of the island, and are from 15 to 25 feet 
thick. Iron is also wrought to some extent; as are copper and 
lead. The single mine of Allihies produces more than 2000 
tons of copper annually ; and those of Coonbane and Tigrony, 
in 1811, produced 1046 tons. Native gold also occurs in con- 
sidaraUe quantity. 

Denmark 

Descr. This low and flat country is composed almost en* 
tirely of the deposits of weald, clay, and chalk, covered by ter- 
tiary and drift ; and these in their turn often by diluvium. 

Descr, Iceland and the Faroe Islands, which are under the 
jurisdiction of Denmark, are composed almost entirely of igni- 
genous rocks of two eras : the first that of dolerite or green- 
stone ; and the second, that of modern volcanos. Some of the 
most terrible eruptions of modern times have occurred in Ice- 
land. The amvgdaloidal rocks of these islands are celebrated 
for the sj^ndid zeolites which they afford. 
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Sweden, Norway, and Lapland. 

DescT. These extensive countries form the ancient Scandi* 
navia. It is rough and mountainous, and the rocks are mostly 
primary, with the older secondary ; though chalk is said to occur; 
and in Sweden some recent tertiary strata. ' The mountains are 
mostly gneiss with mica and talcose slates, and in Norway are 
extensive deposits of porphyry and syenite. JBut the diluvium 
or ho wider formation that is spread over this country, is per- 
haps the most remarkable in the whole series. This, however, 
has been already described in a preceding section. I would 
only remark here, that diluvial phenomena in Scandinavia ap- 

Esar to resemble those in New England more nearly than in any 
uropean country. And there is a eood deal of resemblance 
in the rocks and minerals ; especially between those of Norway 
and New England. 

Descr. The mines of Sweden have long been well known. 
Those of gold and silver yield much less now than formerly. 
Those of Kongsberg have been considered the richest in Eu- 
rope. A mass of native silver, was once found here weighing 
600 pounds. The copper mines are very prolific: that of 
Fahlun alone yielding annually 510 tons. Cobalt is also 
wrought in several places. From the sulphurets of iron and 
copper, sulphate of iron or copperas is manufactured in large 
quantity. In Sweden and Norway, 120.000 tons of iron were 
manufactured in 1839. The immense beds of iron are usually 
connected with the gneiss. Extensive quarries of granite, 
marble, and porphyry, the latter the finest in Europe, are also 
worked. 

Holland and Belgium, 

Descr. These countries are proverbial for the flatness of 
their almost entire surface; although some partd are hilly. 
But much of the land lies even below the level of the sea, and 
is defended by dykes. As might be expected, no primary 
rocks occur : nor any unstratified rocks. Clay slate is the old- 
est ; and most of these secondary strata are superimposed upon 
this, with one or two tertiary basins, and' a coat of diluvium. 

Descr. Both anthracite and bituminous coal are found 
in Belgium; the latter in great abundance. In 1837 her 250 
coal mines yielded 1.600.000 tons: and the iron mines in 1839, 
80.000. Mining Review for July, 1838, p, 109; and for 
January, 1840,^. 6. 

France. 

Descr. This extensive country, embracing an area of more 

Digitized by VjOOQ IC 



806 fRANCS AND srAIN. 

than 200.000 squaxe miles, is generally lerel : though in its cen- 
tral parts mountains rise 5000 or 6000 feet^ and the hishest 
mountains of Europe, the Alps, are on its borders. Nearly all 
the stratified and unstratified rocks, from the oldest to the most 
recent, are found here. The carboniferous strata are far 1^ 
extensive than in England : but the new red sandstone, and the 
jura or oolitic limestones form extensiv'e tracts. Chalk bIso 
occurs in vast abundance : and there are not less than six exten- 
sive basins of tertiary deposits. Diluvium is abundant, and 
interesting by the remains of extinct animals, especially the 
pachydermata. But perhaps the most remarkable of the K>rma- 
tions is the district of extinct volcanos in Auvergne ; which has 
lone been classic eround for the geologist. - The rocks are 
trachyte, basalt, and tufa. 

Dtscr. In 1837, the one hundred and ninety eieht coal 
mines of France produced 1.150.000 tons of coal; and ber iron 
mines, 600.000 tons of iron in 1839. Mining Review^ July, 
1838, and January, 1840. Her lead mines yield annually about 
1525 tons, an4 her silver mines about 2800 pounds troy. Be- 
sides these, there are mines of copper, antimony, manganese, 
alum, and vitriol. Cobalt, arsenic, nickel, and tin, also occur in 
small quantity. Cluarries of marble, slate, gypsum, flint, and 
buhratone, are likewise extensively wrought. 

SpaiTL 

Descr. The surface of Spain is strikingly irregular : some 
of the mountains, as the Pyrenees, rising more than 1 1.000 feet 
above the ocean. The central axis of these mountains is usually 
primary, or older secondary rocks ; both stratified and unstrati- ' 
Bed. The middle secondary strata, however, sometimes rise to 
a great elevation, as in the Pyrenees. The more recent secon- 
dary, even to the chalk, as well as tertiary deposits, occur. 
Around Olot, in Catalonia, is a region of extinct volcanos, oc- 
cupying 20 square leagues, according to Maclure, who first 
pointed it out. LyelPs Elem. Geol. Vol. 2. p. 265. 

Descr. L«ad occurs in ereat quantity in Spain ; one district 
yielded in 1828 no less than 30.000 tons. This deposit is in 
transition limestone. There are also rich quicksilver mines in 
clay slate. An extensive deposit of rock iBsut exists at Cardona, 
in the cretaceous rocks. The iron smelted in ] 839, was only 
18 000 tons, although the ores are said to be very abundant. 
Extensive deposits of coal are found in the province of Astu- 
rias. The sands of the river in this country have long b«en 
known as yielding gold. 
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Deser. The geological structun of Poitud at sinilftr to 
that of Spain: the oitSu stratified and nnstimtined roeks «oQ«li- 
tuting the mouotaina. Gold ocema in the sanda of a few ef the 
rivers, and is still sought, but with small auceeea TfaeM ate 
also mines of coal, ot graphite, of iron, and of qnicksilver; 
and formerly tin was explored. 

ItMif. 

JDofcr. Italy eontains the loftiest mountains in Eofope, in». 
ji part of the Alps, including Moaat Blanc, &t Bematd, and die 
Apennine chain. Between these monntainB ata mast beautiful 
plains. The ApanniMa are made up in a good meaaiiiaof 
limestone, belonging to the iwarest of tha piinary, or the <Mest 
of the aaoondary rocks : though in aomejpaits are slate, eupho- 
tide, and gabbro. The sub^Apenaina hills, at the base <« the 
Apenninea, are coasposed of tertiary etmta, often ^oiitauiiiig 
apediea c^f shells such as now exist in the Maditenanean. 
And thaxe is arideoca that the Apennine chain has beett elev^aled 
3000 or 4000 feet since the deposition of these tartiary strata. 
Jm Calahril^ granita, gnaias, and miea slate exist Primaty toaks 
occur also in the Alps and on the island of Sieily : ^ough ttOat 
of the rocks on this island are secondary and tertiary. Most 
of the English newer secondary rocks occur here. In this 
island, also, is volcanic Etna, nearl^r 10.000 feet high. On the 
inaJA land, Yasiivins it tha only acting volcano, nearly 4000 feet 
in height ; though near Naples is a sdfatara, which eontintiidly 
gives off gases and vapor. Brocchi estimates the number of 
craters of extinct volcanos in the vicinity of Naples, at 27. 
The LijMri Islands, as also Prodda and lachia, are all of vol- 
canic origin ; and among the former is tha perpetuaDy active 
volcano, Stromboli. In Corsica and Sardinia,, the prevailing 
rocks are primary and the older secondary. Jura iimestone, 
however, is found there ; and in Sardinia, are tertiary strata 
covered by diluvium with volcanic rocks. Malta and Uoro ai^ 
chiefly composed of soft limestone. Alonr the shitteaof the 
Mediterranean are deposits of alluvium : and in the fissures and 
caverns of the rocks, is a calcareous deposit, called bone breccia, 
made up of the fragments of the bones of extinct animals, ce- 
mented by carbonate of lime. 

DescT. Italy has long been celebrated for its marbles, sueh 
as the Carara, the Pentehe, Lumachella, he. Coal occurs there, 
but is not abundant In the province ci Cosersa, are axtMuiva 
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beds of xoek salt Silver, lead, cofmr, and iKm, have been 
WTOQgbt : tbe latter especially. In 1839, Italy, with tbe islands 
of Elba and Sardinia, pddneed 50.000 tons of iron. Tbe iron 
mines of Elba have been wrouebt horn tbe ^earliest times. 
Sicily bas long sanplied nearly 3l Europe with sulphur, dug 
from tbe tertiwy clays. 

Switzerland. 

Deser. Tbe geology of tbis country of mountains bas been 
•z{dored by many of tbe ablest geologists of Europe, conunen- 
cing witb Saussure. And altbougb its structure is comjdicated, 
it bas afforded many fine illustrations of geological principles. 
Tbe central parts of tbe Alps are primary : or gneiss, mica uate, 
talcose slate, bornblende slate, and limestcme. In tbe gneiss, 
tak often replaoes tbe mica ; and tbe rock is tben called proto- 
gine : of wbicb Mount Blanc is formed. On tbe flanks of tbe 
mountains are deposits of new red sandstone, lias, oolite, green 
sand, cbalk, and tertiary strata ; over wbicb are accumulations 
of diluvium. Tbe tertiary rocks are from 2000 to 4000 feet 
above tbe ocean, and mark tbe beigbt to wbicb tbese mountains 
have bean raised since tbose strata were deposited. All tbe 
older unstratified rocks, as granite, syenite, porpbyry, and green- 
atoDey are found in tbe Alps. 

Germamf, 

Deser. Tbe soutb western, and eastern borders of Qermany, 
consist of lofty mountains of primitive rocks : wbicb occur 
also in several places more central, as in tbe Harts mountains. 
.Secondary rocks occur in many placSb ; tbougb relativelv less 
abundant tban in Gbeat Britain, i et nearly iafi tbe fossilirorous 
rocks of Great Britain are found in Germany, and in tbe same 
relative position^ A part of tbe extensive plains of nortbem 
Grermany is composed of tertiary rocks, covered witb diluvial 
detriturfrom Scandinavia. As many as four otber tertiarv 
basins occur in Grermany. Indeed, nearly every stratified toA 
ihtit bas been found in any part of tbe world, exists in Germany. 

Deser. Several coal deposits are found in tbis country, wbicb 
annually produce about 1.000.000 tons of coal Salt and gyp- 
sum, are also found in tbe new red sandstone, and of tbe former, 
tbe annual produce is 157.500 tons. Tbe amount of iron manu- 
factured in 1839, in Germany, was about 300.000 tons: of 
wbicb Austria produced 100.000; Prussia tbe same and tbe 
Harts mountains, 70.000. Tbe annual produce of tbe gold 
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I of Germany, is 182 marks: of silver, 123.000 marks: of 
copper, 1950 tons : of lead, 9560 tons : of tin, 400 tons : of mer^ 
cary and cinnabar, 799 tons : of cobalt, 825 tons : of calamine, 
4140 tons : of arsenic, 530 tons : of bismuth, 75 tons : of anti- 
mony, 120 tons : of manganese, 90 tons. Indeed, this country 
is the most remarkable one in Europe for mining operations, 
and for the scientific skill with which they are conducted. 

Hungary with Transylvania^ Sclavonia^ Croatia^ and the Bannat, 

Descr. This extensive region has the Carpathian mountains 
on its north and eastern boMer, and the Juban Alps and other 
mountains on the south. The country in the interior is in 
general hilly, except several plains of great extent. Primary 
rocks occur in several places ; but they are not relatively very 
abundant. Nearly all the secondary and tertiary stratified de- 
posits hitherto described, occur here ; and above them diluvium 
and alluvium. The common unstratified rocks are abo found 
here ; and in addition we have trachyte in abundance, with 
trachytic porphyries, tufas, and conglomerates ; which are of 
more recent aata than the tertiary strata : and one solfatara at 
least exists in the trachytic regions of Transylvania. 

Descr. Hungary produces more gold and silver than any 
country in Europe. Hassel states the annual amount of the 
former to be 1050 pounds; and of the latter 41.600 pounds. 
But this is greater than the quantity now obtained. The iron 
annually smelted is about 10.000 tons : of copper, 19.000 tons : 
of lead, 1225 tons : and large quantities of coal and salt are 
obtained. 

Poland and Russia in Europe, 

Descr, Poland and Russia are for the most part a vast plain, 
bounded on the east by the Uralian mountains, and on the south 
by the Carpathian and Silesian chains. These mountains are 
chiefly primary and older secondary ; as are also Finland and 
Russian Lapland. But the tertiary and alluvial strata predo- 
minate in most parts of the country. Nearly all the stratified 
secondary rocks occur ; such as old and new red sandstone with 
the coal formation intervening ; lias and other limestones, and 
green sand and chalk. The tertiary strata correspond rather 
to those in Hungary and France, than to those of England and 
Italy. Over the tertiary is a deposit of clay, sand, and bowlders, 
from 30 to 100 feet thick, which has been brought from the 
northeast ; and this deposit contains the bones of many extinct 
terrestrial animals. Unstratified rocks are uncommon:^ but 
trachyte occurs in the Caucasian chain. 
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De$^. In Paland oeenrs in tlM tertiary sttttttt, tlie most tX" 
t&amv% deposit ai salt in Europe. Several other deposits^ of 
thia Buaeral aie found in the new red sandstone with gypsum, 
in Russia. Some eoal mines have been opened : but they are 
not extensively wrought. The iron mines of Russia and Poland 
yielded in 18^, abont 158.000 tons. Copper is obtained also, 
on the western side of the Uralian mountains. 

Greece and Turkey in Europe. 

Deter. The geoloey of these countries is very similat to 
thai of HuAgary, but it has not been minutely described. 

ASIA. 

-Turkey in Asia and Arabia, 

Deser. Although many insulated facts are known respecting 
the rooks of these extensive and mountainous r^ons, yet no 
ooanected view of their geology can be made out. It is certain, 
however, that rocks of every age, stratified and unstratified, are 
found there. A few statements of interest can be made respect- 
ing thb geology of Syria, Palestine, and Arabia. 

Descr. In Syria and Palestine, limestone, probably of the 
newer secondary class, is the most abundant rock. It forms the 
greater part of the mountains of Lebanon, Anti Lebanon, Car- 
ael, the mountains of Galilee, and the ridges stretching south 
from the Dead Sea. Much of it is yellowish white and compact, 
BOt a little resembling the stone used in lithography. At least 
this is the character of the limestone on which Jerusalem is 
built; and of which the ancient temple of Solomon and the 
houses of the city were constructed ; and it was the material 
from which the tesselated pavement of the streets was formed.* 

Deser. Mount Jjebanon has been recently described by M. 
Botta, as consisting of three groups of calcareous rocks. The 
upper ^oup consists of limestone of variable hardness, alternat- 
ing with marls : the middle group embraces siliceous beds and 
nodules, with fossil echini- and fishes ; and the lowest group is 
mostly sandstone, with beds of silico-calcareous matter, iron ore 
and lignite. The whole formation he refers to the chalk. 
Traite Elementaire de Geologic, Par M. Rozet, p. 524. 

♦ A recent analysis of the limestone gave me in 100 parts, — 

Earthy Residuum 1.00 

Carbonate of Magnesia, . . 0.83 
Carbonate of Lime . . . . 98.17 
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Descr, Mount Hof and Wady Mousa, in the ancient Edom, 
an composed of variegated or new red sandstone ; and the ex- 
carations df Petra, the ancient capital of Edom, are in this rock ; 
which extends to Mount Sinai, and still farther south. On the 
borders of the Dead Sea marly strata occur, and a remarkable 
ridge of rock salt, frbm 100 to 150 feet high, called Usdum. 
Robinson and Smithes Biblical Researches in Palestine, d^c. Vol. 
2, p. 482. 

Descr. Some of the highest peaks around the Red Sea, are 
toid to be composed of .granitic rocks. Mount Sinai is wholly 
granite, or perhaps syenite : as are also the mountains on each 
side' of the Arabian Gulf. Porphyry and greenstone exist also 
in the same mountains. Trap rocks occur at Akaba, the east-- 
em extremity of the Red Sea : and according to Burckhardt, 
ancient volcanic craters may be seen in the same region. Ac- 
tording to Von Boch, the valley of the Jordan, from Mount 
Libanus to the Red Sea, is a fissure, through which vokanie 
agency has been active, and the character of the .Dead Sea, as 
well as the thermal springs on its margin, the existence of vol- 
' canic rocks in the same region, the rode salt and great amount 
of bitumen, and the columnar and amygdaloidal rocks existing 
near the Jordan, render it highly probable that this igneous 
^ency has been exerted at some former period. American 
iSiblical Repository, Vol. 3. Second Series^ p. 24, p. 324. 

Descr. Barometical observations had made it almost certain 
that the Dead Sea is sunk many hundred feet below the level 
of the Mediterranean: a^d very recently (1841) the point has 
been settled by British officers, who have surveyed the region 
between the two seas trigonometrically. They find the Dead 
Sea to be 1337 feet below the Mediterranean. 

Bern. Since the above was written, I have received an extoinve wriea 
of specimens illustrating the geology of Syria and Palestine, especially 
that of Mount Lebanon, from Rev. Story Hebard, American missionary in 
Syria, who had paid a good deal of attention to geology before leaving 
this country. They confirm the preceding statements essentially. The 
limestones of Mount Lebanon are often pulverulent, and even chalky; 
rhouffh sooD 
tometimps i 

splendid ge. _ ^ ^ , ^ 

dony. Solid nodules of hornstone, passing into chalcedony, are also com- 
mon. The limestone contains fine petrifications of one or two species of 
Tellina, and Venus, a Terebra, a Trochus, a Dolium, an Ostrea, an 
Echinoderm, and fishes on a white marl slate somewhat like that of Monte 
Bolcfi, and with homocercal tails. The sandstones are highly ferruginous^ 
and resemble those in ^his country that are referred to the lower part of 
the cretaceous group. In this sandstone occur beds of asphaltum, espe- 
cially at Carmel on Mount Lebanon, and at Hermon on Anti-Libanus, at 
the ibrmer place in fermginous sandistone. Lignite is also found on Lebar 
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ttones 01 Mount i^oanon are otten pulverulent, and even cnaiKy; 
ffh some of them are compact. They often contain siliceous nodules ; 
(times as large as a man's head, which, on breaking open, present 
idid geodes of crystals of quartz, or sometimes of mammillary chalce- 
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non. Near th« tops of thii mountain ocean a Iwittle bitnimnoiii shale, and 
on the borders of the Dead Sea and the Sea of Tiboias, a Mack highly 
bitammous limestone. Genuine greenstone is found with the limestone on 
the east side of Anti-Libanus ; and a vesicular basalt with olivine. The 
same rock exists at Hauran, southeast of Damascus. Genuine basaltic ve* 
sicular lava occujrs in ail ancient crater five miles west of Safet ; and a still 
more porous variety on the north shore of the Dead Sea. The ruins of 
Jericho furnish a similar rock. {See the Specimens in the CaJbinet of Amr- 
herst College.) 

Descr. '^The compact limestone rocks which bound the 
Nile in the whole of Upper Egypt/' says Mr. Weaver in his 
Observations on Ehrenberg's Discoveries in Mag. Nat. Hist. 
for June, ISAtyp. 305, " and extend far into the Sahara, or Desert, 
as well as the West Asiatic compact limestones in the north 
of Arabia, are in the mass composed of the coral animalcu- 
les (Polythal^mia of Ehrenberg, or the Foraminifera of D'Or- 
bigny) of the European chalk. This affords anew insight into 
the ancient history of the formation of Lybia, from Syene to 
the Atlas, and of Arabia, from Sinai to Lebanon : thus opening 
a large field to organic distribution." 

Rem. Professor Bailey, of West Point, having seen the above paragraph, 
iMuested me, (March I8l2) to send him specimens from my collection above 
re&rred to, of limestones from Syria and Palestine. Having complied with 
the request. Professor Bailey has kindly communicated to me the following 
results, which confirm in an interesting manner the statements of Ehren- 
berg. The localities mentioned by Ehrenberg are " Hamam Favatin and 
Tor in the Sinaian portion of Arabia,'* "constituting hilly masses in Uppei 
Egypt," and " continued eastward into the Great Desert plain tending to- 
wards Palestine." The specimens examined by Prof. Bailey are mostly 
from places much farther north. 

No. I. From the interior ofthe Pyramid of Cheops: Poly thalamia distinctly 
present, but rare. 

No. 2. West side of Anti-Iibanus : Polythalamia abundant. Fig. 123. 

No. 30. Anti-Libanus : clay colored limestone : Polythalamia abuulant. 

No. 3. Near Damascus : Polythalamia abundant. Fig. 121. 

No. 7. Mount of Olives : Polythalamia abundant. Fig. 122. 

No. 8. Beyroot : Polythalamia abundant. Fig. 122. 

Prof Bailey has added sketches of Polythalamia from the English chalk, 
and from a cretaeeous formation at a mission station on the Upper Missis- 
sipitt ; Fig. 121. The spots marked a, a, were red in the specimens, and mav 
have been eggs : those marked b, b, are air bubbles, lefl in the cells after spread* 
ing the specimens in Canada balsam. The scale shown on Fig. 2 is the 
same for alL It is JtJ ths. of a millimetre, magnified equally with tha 
sketches. 

Inf. It is impossible to compare the. sketches on Figs. 121, 
, 122, without being convinced that they all were derived from 
the same formation ; that is from the chalk formation. The 
evidence would hardly be more satisfactory if the organic re- 
mains were those of mastodons or megatheroids, having as close 
a resemblance as is shown in these figures. What an interest- 
ing example of the constancy of nature in her minutest work& 
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and of the triumph of science over difficnltiee appaxently insa- 
perablel 

Fig. 121. 
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Descr, In the western part of Asia Minor to the east of 
Smyrna, and in the vicinity of the ancient Sardis and Philadel- 
phia, is a region interesting to the geologist, called the burnt 
country^ from the striking marks it bears of former volcanic ac- 
tion. Here are seen numerous streams and beds of lava, and 
30 distinct volcanos, whose craters are covered by soil andT 
vegetation. The deep fissures cut through the lava by running 
water, shows that the period of action in these volcanos must 
have been very remote. Three of them, however, are much 
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more teea&t : yet even these have been quiet for at least 3000 
years. Dr. Smithes Scripture and Geology, 2d Ed. p. 149.^ 

Persia^ including CabiU, Affghanistan, Baloochistan, ^c. as far 
as the River Indus. 

Descr, The little that is known of the geology of this vast 
region, consists of a few insulated facts. On the north, com- 
mences the largest inland sea in the i^orld, viz. the Caspian ; 
which is 600 nules long, and 300 broad, and salt like the ocean. 
In the northwest part of Persia is the lake Ooroomiah, 300 
miles in circumference, whose waters hold in solution one fifth 
of their weight of salt, and contain so much sulphuretted hy- 
drogen as to tarnish silver rapidly, after having been brought to 
r this country.* The sea of Aral, in Tartary, east of the Cas- 
pian, is also salt. These facts, particularly those in respect to 
Ooroomiah, indicate volcanic agency in those regions ; and the 
remarkable springs and deposition of asphaltum, in the region 
of ancient Assyria, as well as the sulphur in the soil, lead to a 
similar conclusion. An extinct volcanic crater is said to exist 
in the vicinity of Mount Ararat; and that mountain itself is 
made up of ancient lava. A crater also exists in the Kourdish 
mountains. Near Tiflis, iif Georgia, are hot springs; and a 
boiling spring on the river Akhoor. In the Caucasian moun- 
tains are extensive groups of basaltic columns. Near lake 
Ooroomiah occurs the beautiful white or yellowish calcareous 
alabaster of Tabreez, which is deposited by thermal waters in 
great abundance. Near the ruins of the city of Tact-i-Solo- 
mon is another enormous deposit of calc sinter. Copper, lead, 
and silver are mined near Tokat, where 60 furnaces are in ope- 
ration. Iron, copperj and silver are also wrought near Samsoon. 
Sir Robert Ker Porter's Travels from 1817 to 1820* See Am. 
Journal Science, Vol. 37. p. 347. 

* I hare recently analyzed this water, and found 500 grains of it to con- 
tein 

Of solid matter .... 102.1 gn. 
which was composed of 

Chloride of Calcium . . 0.74 grs. 

Chloride of Magnesium . 5.76 

Chloride of Sodium . . . 90.58 

Sulphate of Soda . . .«. 5.67 

102.75 



Excess aboTe the solid contents 65 
WIS daleeted, but its quantity not asceiteiiied. 
27* 
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t3acr. From gpedraeai and their Ubali tent |^ Rer. Joflni P«lti«i 

BDd J. h, Merrick, American miBsion&ries in Perna, I learn the folloving 
{acta. i. That on the vast plain northwest of Mount Ararat, are moraines 
like those in this country. 3. That the principal rock in the mountains 
west of the city of Ooroomiah is granitic gneiss, having a dip from HP to 
3(y° SE. 3. That gray sandstone and conglomerate with gypsum are abundant 
in the same region. 4. That quartz rock exists there, as well as in some 
of the islands of the lake, and in several other parts of Persia. 5. That 
imestone is abundant arouud Ooroomiah. 6. That red sandstone and 
conglomerate (probably the new red sandstone,) constitute a mountain just 
back of Tabreez, some part of which appears as if it had been exposed to 
very powerfiil heat : and thai similar rocks occur in oihmr parts of Persia. 
7. That beautiful rock salt is dug from a mountain near Tabreez, as well 
as on the plain ofKhay with gypsum, and at various places along the areas 
In Georgia. 8. That rich ore of copper, composed of native copper, and 
thejrnen and blue carbonates, exists m large quantity 90 miles northeast 
pf TabreoL from which the Persian fovemment have vanufiiotured can- 
Dpn. 9. That the marble in the ruins of P.ersepolis resembles lias with cafts 
of Turbo 0) ^ • 

Tartary, 

Descr. The interior portion of Asia it crossed by four 
.gi^and systems of mountains from east to west; viz. on the 
south, the Himmalayah, nesct northei^ly the Kuenlun, then the 
Thian-chan, and the Altaian. The first is in India ; the second 
separates Tartary from Thibet, and the last from Siberia; while 
the Thian-ehan occupies its central parts. The Altaian chain 
presents its magnificent displays of primary and transition 
rocks; over which are secondary and tertiary deposits, in 
these rocks are numerous metallic deposits. The quantity of 
gold annually derived from thence, is 1 140 pounds avoirdupois, 
and of silver, 41.992 pounds. 

Deicr. Active and extinct volcanos occur in central Asia; 
occupying a space of 2500 square leagues. The most remark- 
able volcanic mountains are Pechan, Houtcheon, Ouroumptsi, 
Kobok, and Aral-toube. These are between 900 and 1200 
miles from the sea. 

Siberia. 

Descr. The geology of the Uralian mountains, which sepa^ 
rate Siberia from Europe, is similar to the Altaian range in its 
general features. 

Descr. The Uralian mountains, especially on the Siberian 
side, have long been celebrated for their mineral treasures. In 
1828, about 53 tons of gold were thence obtained. As long 
-ago as 1782, this mc^ntain yielded G6.000 tons of iron, and 
31.500 tons of copper. The Altaian chain of mountains, also, 
yields an immense quantity of silver, as well as much gold and 
copper. In 22 y^ars, 12.348 pounds of gold, and 324*000 
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pounds of sSvar, were dag from the single mountpin of SchUn- 
genberg. In 1828, the entire produce of silver in Siberia Wfui 
182 tons. In the Uralian mountains, within a few years, pla- 
tinum has been found in such quantity th«t it is now used as a 
coin in Russia. . 

Descr. Other interesting minerals are found in Siberia: 
among which are the diamond, topaz, emerald, beiryl, onyx, lapis, 
lazuli, beautiful crystals of quartc, rubellite, avanturina, 4^mB- 
lian, chalcedony, agates, &c. 

Hindostan^ Thibet^ aitd Ficrther India, 

Descr. The two first of these countries are separated by Ike 
Himmalayah mountains, the highest on tha «obe, and their 
geology becomes, therefore, of gneat interest Ob aj^roachiag 
uiis chain frctm the plains on the south, we fits^ meet i^itli a 
sandstone belonging to the newer secondary series ; next in suc- 
cession argillaceous slate, mica slate, talcose slate, quartz vodti 
hornblende slate, and limestone. The highest part of ^e range 
is composed chiefly of gneiss^ traversed by granite. The mica 
slate is traversed by porphyry. At the base of these mountains, 
alsO; occur tertiary strata, in which the bones of the mastodon 
have been found in Burmah ; and between the river Sutlej and 
the Ganges, bones of the elephant, mastodon, hippopotamus, 
rhinoceros, elk, horse, deer, crocodiles, gavials, sivauSerium, and 
the monkey. Diluvial deposits are said also to occur in the^e 
mountains. In Middle India, the vast plains are composed 
mostly of clays, sand, and gravel, with organic remains or ani- 
mals and fossil wood. Good coal also occurs here in a forma- 
tion resting on granite. Peninsular India is compoj^cTln a g^at 
measure oiunstratified rocks; such as granite, syenite, ^d ^rjip: 
tJiough nearly all the stratified primary ones are pr^sept also. 
Extensive deposits of secondary and tertiary strata exjst iheipp 
likewise ; as well as diluvium and alluvium. The ideology of 
Further India is but little known. 

Descr. Southeastern Asia has long been known as a region 
pf gems. The diamond occurs in several places in Hindoatan, 
both in conglomerate and the alluvium. Corundum, from itp 
coarsest to its finest state, is found there. Pegu is well known 
to produce the most beautiful variety of the oriental ruby, whic^ 
is a sapphire. Topaz, zicon, , tourmaline, garnets, carpeliai^ 
jasper, agates, amethyst, catseye, chrysolite, &c. are comipM>n* 
The annual value of carnelian rormerly exported from India, W|f 
$50,000. Burmah is celebrated for the vast amount of petxfih 
l^ujj^ collected in wells: which amounts to 92.781 tonfi ptr 
annum. India also contains gold, tin, iron, lead, and zinc t 
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tliongh not enough of these metals is obtained for home con- 
sumption. Rock salt is also found. From Thibet is brought 
a large quantity of borax. This is obtained from a lake, which 
contains also common salt The Thibetans are said to work 
mines of ciopper and mercury. 

Ceylon. 

Dsser, The ^logy of this large island, lying near the coast 
of southern India, is quite simple. It is made up almost en- 
tirely of primary rock, most of it stratified. The prevailing 
rock is gneiss : which is associated with dolomite, and subordi- 
nate masses of quarts roek. Granite, syenite, and greenstone, 
also, exist there. 

DescT, Iron is almost the only valuable metal found in Cey- ' 
Ion. But the gems are numerous. Amethyst, rose quartz, cats- 
eye, prase, topaz, schorl, garnet, pyrope, cinnamon stone, zircon, 
smneUe, sapphire, and corundum, have been found; most of 
tnem in connection with eraj^ite in gneiss. Transactions of 
ikt Qodogwd Society^ Vol. 5. Part % p. 3l\. 

China. 

Deser, Little is known of the geology of China. We only 
know that ^nite, syenite, porphyry, sandstone, he. occur 
• there. But its minerals are more known. Gold and silver, 
mercury and copper, lead, tin, and arsenic, are among those 
which are wrougnt. Rubies, corundum, topaz, lapis lazuli, 
jasper, agate, jade, porcelain clay, and marble, are enumerated 
among its valuable minerals. 

Japan. 

Descr. It is known that these islands contain several vol- 
canos, but their other geological features are little understood. 
Grold and silver abound, and copper and mercury occur. Sul- 
phur exists in great quantities : and coal is found, as well as 
amber, porcelain clay, marble, &c. 

East Indian Archipelago, 

Descr. In Sumatra are four volcanos, nearly 12.000 feet 
hi^h : while granite, trap, limestone, and other primitive rocks 
exist there, as well as tertiary clays. In Java, are several 
ranges of volcanib mountains ; and at their bases are deposits, 

gtrhaps tertiary, of limestone, clay, and marl, with rock salt 
anca is said to be composed of gneiss and mica slate with 
SanitOv In Borneo, primary formations are abundant, forming 
e axes of the principal mountain chains ; while secondary, 
tertiary and alluvial deposits occupy the lower regions. Vol- 
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«anos also exist here. The Philippine islands are likewise vol- 
canic : so are also the Moluccas : of which Celebes contains 
primary rocks. 

Descr, The mineral treasures of this Archipelago are abun- 
dant Gold occurs in nearly all the islands : and the amount 
annually collected, is estimated at 2.922.300. Tin is abundant 
especially in the island of Banca; where in 1817, about' 2083 
tqns were smelted. Copper also occurs. Sulphur is obt^ned 
ii^ great abundance and purity iA J%va. Borneo is celebrated 
for its diamonds : one of which in the possession of a princ# of 
M^tan, is valued at $ 1. 194.35a 

Australia, or New Holland, 

Descr, The details of the geology of partici:^lar portiiwas of 
^his vast island, or rather continent, have not be^n given : yet 
aumerous facts on the subject are knowa The coast is for the 
most part toc\iy and mountainous; and the roeks which have 
been recognized, are granite, mi^a slate, talcose slate, quarts 
rock, ancient sandstones and limestones, the coal formation, vad 
marl, with salt and oolite : also porj^yry, greenstone, clinkstone, 
amygclaloid, and serpentine. There are some traces of former 
voleanos. Topas and agate are the most interesting minerals. 

DeMcu Interesting collections of fossil bones from the lime- 
stane caverns of New Holland have been carried to Eaglfind, 
and referred to at least 14 species ef animals. These animals 
•re all similar to those found living in Australia; such as the 
kangaroo, dasyurus, hypsiprimnus, w.ombat, a rodent, a saurian, 
and an ^ephant These bones are much gnawed like those in 
the Englisn caverns, and were probably carried into the caverns 
hj carnivorous races. 

Polynesia, 

Descr, The predominant formations in this vast group of 
islands are the volcanic and the coral reefs. Those islands 
formed by th^ latter, are low and level : but the others rise to 
a great height Mouna Boa ia the Sandwich islands is more 
than 16.000 feet high; and Mouna Kea, 18.400 feet These 
islandsj with a surface of 4000 square miles, are all volcanic : 
Kirauea being the most remarkable volcano on the globe. The 
Society islands are composed mostly of igneous rocks of greater 
age ; as basalt, which frequently contains most of the zeolitic 
minerals. The Friendly islands are mostly volcanic; as are 
also the Marquesas, the Gallipagos, the New Hebrides, and 
Gambler's islands. Juan Fernandes is composed wholly of 
basaltic greenstone. The South Shetland and Orkney islands 
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RMS joaae up of pnniRry rocks, along with those of more leeenf 
igneous origin. The coral islands are Elizabeth Island, Whit- 
sunday, dueen Charlotte, Lagoon, Egremont, «us. wc. The 
shores of nearly all the volcanic islands are lined with coral. 

AFRICA. 

Egyft. 

^ Dtscr, The southern part of this country is primary ; con- 
sisting of granite, syenite, and other primary rocks. The fel- 
spar in the granite and syenite is red, and the rock has been 
used for many of the monuments of Egypt, as Pompey's Pillar, 
Cleopatra's Needle, fee. Syenite took its name from one of 
these localities, near Syene. North of Syene succeeds a legion 
of sandstone, which appears to bek>ne to the more recent of the 
secondary rocks. Tnis is succeeded by the limestone tract, 
which reaches from Thebes several days journey south. Be- 
tween Thebes and the Mediterranean, the country is wholly 
alluviaL On the west side of the Nile are the most rdmarkabie 
examples of dunes that are known. 

Nubia and Abyssinia, 

DeicT. Of the latter country nothing of importance is known 
respecting its geoloey, though some gold has been found, and 
large quantities of salt are obtained from a large plain ; perhaps 
the site of a former salt lake. In Nubia, travellers mention 
granite, syenite, porphyry, sandstone, and limestone ; and for- 
merly mines of gold were wrought there. 

" Barbary or Northern Africa. 

Dtscr. The greater part of northern Africa is a level sandy 
plain. But the chain of mount Atlas extends nearly across, the 
whole of Barbary fron\ west to east, and rises to the height' of 
13.000 feet. Its higher parts are composed of granite, gneiss, 
mica slate and clay slate. The northern part of the chain is 
composed, in a great measure, of calcareous rocks, resembling 
the lias, though sometimes approaching the transition lime- 
stones. Secondary sandstones also occur, and above these, ter- , 
tiary strata. Among the secondary and tertiary formationS| 
trap rocks are included. Salt springs and gypsum are found. 

Wtstem Africa. 

Descr. ' This embraces the west coast of Africa, from the 
river Senegal in 18^ north latitude, to the river of Benguela in 
18^ south latitude. Little is known of its geology. Ihe hills 
around Sierra Leone are granitic. The district through which 
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the river Zaire flows, is composed of gneiss, mica slate, daj 
elate, primary limestone, granite, syenite, and queenstone. P^ot 
a little gold (estimated in the beginning of the last century from 
200 000 to 300.000 nounds sterling annually,) is obtained from 
the interior, especially along the Gold coast, and at the head of 
the Senegal and Gambia rivers. In Angola are very extensive 
deposits of salt, and some iron and copper. 

Southern Africa, 

• Descr. The southern part of Africa is crossed by three 
ranges of mountains, running parallel to the coast ; the heieht 
increasing towards the interior, till the innermost range rises 
i 0.000 feet. North of these mountains are extensive table 
lands. The rocks composing these mountains are gneiss, clay 
slate, graywacke, quartz rock, and sandstone. Sandstone is 
most abundant ; and this forms most of the rock in the table 
land beyond the mountains, as far north as 30^ of latitude. Its 
strata are usually horizontal ; and they give a tabular shape to 
the summits of the mountains. Table Mountain at the cape 
of Good Hope, is formed in this manner. Through these rocks 
are found protruding masses of granite, as well as basalt, pitch 
stone, and red iron ore. The relative situation of all these 
rocks is the same as in Europe. 

JSastern and Central Africa, and Sahara^ or the Great Desert 

Descr. Nothing appears to be known of the geology of the 
eastern side of Africa. Of Central Africa, which is traversed 
by the mountains of the Moon, much more is known. The 
more elevated parts consist of eneiss, mica slate, quartz rock, 
hornblende rock, clay slate, and limestone; traversed by^ granite, 
greenstone, and other trap rocks. At Goree are fine examples 
of basaltic columns. Extensive beds of rock salt are quarried 
in Soudan, and salt and natron lakes occur. It is also from this 
country, than most of the gold carried to the western and the 
eastern coast is obtained. The Great Sahara or Desert, is 
chiefly covered with quartzose and calcareous sand ; and is the 
most desolate region on the globe. Occasionally, however, the 
rocks rise through the sand, and are found in the eastern part 
to consist of limestone and sandstone, containing rock salt and 
gypsum, and traversed by trap rocks. Where the Sahara 
reaches the coast, the rocks are chiefly basalt. 

African Islands. 

Descr. A large proportion of the islands around Africa are 
volcanic, and are composed of lava or basalt. Of this descrip- 
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tidn are the Azores, the Canazies, whete the volcanie pedc of 
T9aerifl*e rises to the height of 12.000 feet : ako the Cape Verd 
islands, &t Heloia, Bourbon, &c. 

AMERICA. 

Descr. The longest chain of mountains on the globe, and 
with one exception the highest, traveraes the whole length of 
this continent near its western side, in South America it is 
called the Andes: on the isthmus of Panama it sinks into a 
comparatively low ridge : but rises into the table land of Meitico 
. and Guatimala, 6000 feet high ; and some conical peaks shoot 
up much higher. Beyond Mexico this chain is prolonged in 
the Rocky mountains ; which rise in some places about 12.000 
feet This chain continues nearly or quite to the Northern 
Ocean. Parallel to the Atlantic, the A}^laehian, or Allegany 
mountains traverse the U. States, rarely rising more than 6000 
feet and usually not more than 2000 or 3000 feet Detached 
branches from these mountains extend irregularly into Canada, 
Itahiador, and around Hudson^ s Bay. The mountains which 
form the West Indies, may be regarded as the southerly pro- 
longation of the Alleganies. Beyond the delta of Orinoco, thev 
appear again in numerous ridges in Guiana and Bra&il, exteno- 
ing to the La Plata. 

Descr. America is distin^ished by vast plains as well as 
l^raad aaountatis. One of these lies alone the Atlantic, of 
variable width, through the whole of the United States, extend- 
ing to the Appalachian ridge, and occupying a wide extent 
'through the wfiole of South America. A similar plain, but 
much narrower, occupies the western side of the continent 
-But the most extensive plain is the vast region lying in North 
America between the Appalachian chain and the Rocky moun- 
tains. Another, almost equally vast, occurs in the heart of 
South America. In its northern part is a rast expanse along 
the Orinoco : and in the southern part, are the immense Pamr 
pas of La Plata. 

Smith America. 

Descr. The basis of the vast chain of the Andes is com- 
posed essentially of gneiss and granite : but these are covered by 
an immense deposit of ancient volcanic rocks ; such as pyrox- 
enic porphyries, diorites, basalt, trachytes, with wacke-like con- 
glomerates. The elevated table lands in the vicinity of this 
range, are covered in a measure by fossiliferous limestone, 
which occurs from 9000 to 14.000 feet above the ocean: and by 
new red sandstone, embracing ores of copper and gypsum* 
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The lower table land is covered by diluTial detritus, embraoing 
gold. The mountains in the central parts of America, lying 
east of the principal Cordilleras, are in a measure composed of 
various slates, with quartz rock and sandstone : the central axis 
being usually primary, and the slopes the older secondary. 
The {^ains between the different chains are extensively covered 
by tertiary strata. These strata, with white marl analogous to 
the lower chalk, and a sand like the green sand, are well devel- 
oped on the shores of Patagonia. In4eed, the chalk formation 
has an immense development in South America, and rises in 
some places nearly to the height of 13.000 feet. De Bueh^s 
Petrifaetions receuillies in Amerique, ^e. p. 18, In Brazil, 
granite frequently abounds in the lower parts of the country, 
as well as in the mountains, where it is associated with nearly 
«very other stratified and unstratified rock of the primary 
group. In short, nearly every stratified and unstratified rock 
on the globe, from the oldeet to the newest, from granite to lava, 
and from gneiss to alluvium, are developed in South America 
on a magnificent scale, and occupy the same relative position 
as in other parts of the globe. Humboldt on the Superponiion 
of Rocks : Koze^s Geologie^ p. 525. 

Descr. South America has lonj^ been celebrated for its 
mines of gold, silver, platinum, and diamonds. In ChiU the 
annual produce of the geld and silver mines is about $8,500,000. 
More than a hundred copper mines exist, and are much more 
profitable than those of gold and silver. Mines of quicksilver, 
lead, tin, iron, and antimony also exist there, as well as deposits 
of nitre, rock salt, and coal. But mining operations are at pre- 
sent in a wretched state ; owing to wars and political convul- 
sions. 

Descr. Brazil is most celebrated for its gems, especially its 
diamonds. They are mostly explored in the beds ot rivers by 
washing the soil. Upon the first discovery of these mines, they 
sent forth a thousana ounces of diamonds ; which afieoted the 
market powerfully. Af present the annual produce is bbout 
22.000 carats; or 183 ounces. The Brazilian topazes and em- 
eralds are very fine, as well as the chrysoberyl, amethyst, and 
quartz crystals. Gold is also sought after with success in the 
auriferous sands. Copper ores are likewise abundant ; and de- 
posits of common salt and nitre occur. 

Descr. Colombia affords some diamonds; also emeralds, 
sapphires, hyacinths, precious garnets, turquoises, and ame- 
thysts. Great expectations have also been excited respecting 
gold and silver; but from 1810 to 1820, only $2,000,000 were 
annually coined from the native metal : but much move adight 
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be obtained with proper management Copper and qnicktitrcrr 
mines are wrought, as well as tin and rock salt ; the latter yield- 
ing a revenue of $150,000. 

Deser. Peru, including Bolivia, or Upper Peru, is perhaps 
the most remarkable region on the globe for the precious metala 
Gold, silver, and mercury, are the most important. The silver 
mountain of Potosi alone, yielded in 225 years, ho less than 
91.647.901.018 ; and yet but a small part of it has been exca- 
vated: the whole mountain being a mass of ore: and it is 18 
miles in cjreumfere]?ice. One mine of quicksilver is 70 feet thick, 
and formerly yielded an immense amount. The other mines 
of gold and silver are very numerous ; but their produce is 
much less than formerly, on account of the imperfect manner in 
which they are wrought. There are also mines of copper, lead, 
tin, and rock salt Most of the mines are situated in the east- 
ern range of the Andes, which consists of mica slate, syenite, 
porphyry, new red sandstone, and oolite. 

West Indies. 

Deser. These islands appear Hke the fragments of a former 
continent; and most of them contain mountains, which, in 
Cuba, Hayti, and Jamaica^ rise to the height of 8000 or 10.000 
feet The highest mountains in Cuba are mica slate, and 
through the secondary formations of the lower regions, project' 
gneiss, -granite, and syenite. Veins of gold, silver, and copper, 
also occur here, and coal exists in a vein, — ^whioh is a very rare 
occurrence. Philosophical Magdzine, Vol. 10, jp. 760. In the 
south part of Hayti is a mountain of granite. The highest 
part of Jamaica is composed chiefly of graywacke with trap 
rocks. Upon these lie red sandstone, marl, and limestone, witn 
trap and porphyry ; the whole covered by diluvium and allu- 
vium. The eastern part of the Caribbean group, as Tobago, 
Barbadoes, Antigua, Bermuda, &c. are principally composed of 
limestope, probably tertiary. Antigua has been described mi- 
nutely by Dr. Nugent, Transactions of the Geological Society^ 
Vol. 5, and more recently by Prof. Hovey. American Journal 
ofScience^ Vol. 35, p. 75. It consiata of gTHywdicke, {indurated 
clay of Prof Hovey,) recent calcareous deposits, and trap. 
Lying above the graywacke, is a singular siliceous deposit em- 
bracing an immeil^e number of silicified trees of every size, up 
to 20 inches in diameter ; along with vast -numbers of shells. 
These form most splendid agates, and admit of a high polish. 
[See fine specimens %n Prof. Hoveifs Cabinet bequeathed to Am* 
her St College.) 

Descr. ^Prof. Hovey has also given an interesting account 
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of the geology of St. Croix. Am. Journal of Science^ Vol. 35. 
p. 64. He finds there the same stratified formations as occur 
in nearly all the West India islftnds ; viz. eray wacke, and ter- 
tiary and alluvial limestone ; hut unstratified rocks are wanting. 
The tertiary strata consist mostly of limestojie, more or less in- 
durated, and ahounding in shells and corals ; many of which 
are identical with those now living on the ocean. A similar de- 
posit is now forming upon the shores : and it wad in this recent 
deposit that the human skeletons, now in the British museum 
and garden of plants, were found. (Numerous specimens of 
the rocks and fossils of St. Croix and Antigua may be seen in 
Prof. Hovey's collection above referred to.) 

Descr, The western parts of the Caribbean islands are 
mostly volcanic: such as Grenada, St. Vincent, St. Lucia, 
Martinique, Dominica, Guadeloupe, Montserrat, Nevis, St. 
Christopher's, and Jamaica. On some of these islands no erup- 
tion has occurred within the historic period: but craters are 
. visible, and trachytic and basaltic rocks are common. 

Descr, Trinidad is a continuation of the continent, and con- 
fiists mostly of primary rocks. The famous Pitch Ldie, three 
miles in circumference, has already been described. 

Gtbaiimal^, and Mexico. 

Rem. The geology of Guatimala is very simikr to that of 
Ccdombia, on the south, and of Mexico on the north : being in 
fact the same as that of the Andes generally ; and, therefore, in 
this brief sketch nothing farther need be added, except to say 
that this country contains mines of silver and of sulphur. 

Descr. Mexico consists mainly of a vast and very elevated 
table land ; being iii fact a flattening down of the Andes on the 
south, and the Rocky mountains on the north. This vast plain 
1500 miles over, is occasionally diversified by an elevated insu- 
lated peak, which is often a volcano, recent or extinct. The 
basis of the country seems to be primary rocks ; such as gneiss 
and granite ; but its upper portionis covered with porphyry and 
trachyte. Secondary sanostone and limestone also occur. A 
line of voleanos, of which there are five principal vents, tra- 
verses Mexico from east to west, about in the latitude of the 
capital. 

Descr. The rocks of Mexico are rich in gold and silver, 
particularly the latter. They occur in veins traversing clay 
slate and talcose slate, transition limestone, graywacke, and 
porphyry. New Spain yields annually 1.54 1.0 1 5 pounds troy, 
of silver : or two thirds of the silver which is obtained on the 
ivhole globe ; and ten times as much as is produced by all the 
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mines of Europe. The number of mines is 3000. The quan- 
tity of eold annually obtained is only 4315 ])ounds troy. Tin, 
copper, lead, mercury, and iron, are mined in Mexico to some 
extent, and the ores are abundant. Beds of rock salt occur on 
the Bio Colorado. 

Westerly and Northerly Regions of America. 

Descr, The regions embraced under this name are those 
lying west of the United States and north of the Canadas. 
The Bocky mountains, which are a prolongation of the Cordil- 
leras of South America, are the principal chain, and are com- 
posed of primary rocks with extensive secondary deposits upon 
their sides, among which are clay slate, graywacke, and lime- 
stone. On Mackenzie river, brown coal occurs in tertiary clay. 
The coast of the Arctic Ocean, from Cape Lyon to Copper 
Mine river, is composed of cla}^ slate covered by trap rocks : 
and most of this northern region is strewed over by oowlders 
of limestone, granite, porphyry, greenstone, &c. 

Descr. Melville island, in latitude 74^ 26' north, is 
composed of sandstone, probably of the coal formation, with re- 
mains of coal plants of a tropical character. Around Hudson's 
Bay, are found all the great classes of rocks, except the ter* 
tiary ; and almost every other variety found in the other parti 
of r^orth America. 

Descr. No part of the extensive regions above described ap- 
pears to be truly volcanic, except a strip between the -Bocky 
mountains and the Pacific Ocean. Whether any recent volca- 
nos exist there, may be doubtful : but genuine lava is brought 
from thence, as well as trachyte, and other volcanic productions ; 
and immense deposits of basalt, massive and columnar, are 
found along the principal rivers. Volcanic mounds, cracked at 
the top, and surrounded by fissures, are numerous over the 
whole region. This is probably a continuation northward of 
the ereat volcanic chain of the Cordilleras of South America 
and Mexico. 

Descr. The mineral treasures of this region have been but 
imperfectly explored. Near the head of Salmon river, on the 
west side of the Bocky mountains, Bev. Mr. Parker saw a bed 
of pure rock salt, among strata which he says resemble the de- 
scription of those at Wieliczka, in Poland. He used the salt 
and found it good. The great salt lake in the same region far- 
ther south, contains so much salt that it is deposited in large 
quantities on the shore. Epsom salts occur also, on both sides 
of the Bocky mountains, in thick incrustations in the bottom 
of ponds, which have been evaporated in the summer. \Explar 
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ing Tour beyond the Rocky mountains, p. 328, second Editior 
Ithaca^ 1840. Beds of rock salt oecur in other places besides 
those mentipned above, west'of the Rocky mountains and of 
great thickness. Prof. H. D. Rogers^ s Report to the Britis 
Association at the Fourth Annual Meeting. 

United States, and British America. 

Rem. A more acciirate idea can be ^ven of the geology 
of this Tast region, by considering the United States ^md the 
British possessions as a single eirtended district. 

Descr. In proceeding southeasterly from the coast of Labra- 
dor, we meet ere long with ranees of mountains, at first not 
high, having a southwest and northeast direction. On the south 
shore of the St. Lawrence they become very elevated, forming 
in fact the northeastern termination of the Allegany range. In 
the northern part or Maine they rise to the height of 5300 feet ; 
and in New Hampshire, (the White hills) 6234 feet The 
western side of this range forms the eastern side of Lakes 
Champlain and George, and the valley of the Hudson river. 
The ran^ occupies all New England, and extends south- 
westerly into the middle and southern states, crossing the Hud-, 
son at the Highlands : and in Pennsylvania, Maryland, Vir- 
ginia, North Carolina, South Carolina, and Tennessee, forming 
several parallel and lofty ranges of mountains^ four of which 
are sometimes reckoned ; distinguished as well by their physi- 
cal features, as by their geology. The most easterly, Prof. 
Rogers denominates the Eastern system of mountains: the 
next in order, the Blue Ridge system : the third the Appala- 
chian, and the last the Allegany system. They rise in Black 
mountain in North Carolina, to the height of 6476 feet, and in 
Roan mountain, 6234 feet. 

Descr. On the north shore of the St. Lawrence, are two 
ranges of mountains running parallel to the river ; one at the 
distance of 15 or 20 miles, and the other 200 miles distant. 
On the west side of Lake Champlain, is a remarkable develop- 
ment of these mountains, in Essex county in New York ; 
where they rise to the height of 5400 feet. From Essex county 
these mountains stretch to Kingston, in Upper Canada, where 
they become blended with another low rangej which has been 
traced along the northern shores of Ontario and Huron, and to 
the west of Superior, and probably extends nearly or quite to 
the Rocky mountain^. These latter mountains form the west 
ern bounaary of the region under consideration. 

Descr. The vast region of comparatively level country be 
tween the Rocky and Allegany mountains, forms the valley ot 
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the Mississippi, which extends from" the centre of AkbuBA, 
probably to the Arctic Sea ; being not less than 2000 miles long 
and 1200 miles broad, and ei;abracing more than 2.500.000 
square miles. At its southern extremity, this y alley unites 
with the Atlantic slope. This slope is several hundred miles 
wide at its southern extremity, but becomes gradually narrower 
until it terminates at New i ork ; with the exception of Long 
Island, Nantucket, and Martha's Vineyard. 

Descr. The way is now prepared for explaining the sim]^ 
and grand outlines of the geology of this wide region. All the 
mountainous region east of Hudson river, even to Labrador, 
' with some few exceptions to be noticed subsequently, is com- 
posed of primary rocks : such as gneiss, mica slate, talcose 
slate, quartz rock, and limestone ; intersected and upheaved by 
granite, syenite, porphyry, and greenstone. South of the Hud- 
son, this primary range is continued, as the Highlands, through 
New Jersey and Pennsylvania, where it terminates. Its south- 
eastern border passes near New York City, including Staten 
Island, and extending to Perth Amboy. Here it is covered by 
red sandstone, until near Trenton it reappears and forms a 
second band of primary rocks, parallel to that just described as 
terminatine in Pennsylvania, and separated from it by a trough 
of red sandstone. This most easterly belt, from 80 to 100 miks 
wide, ranges through Virginia, North and South Carolina, and 
Georgia, as far as Alabama river, where it passes beneath the 
alluvium of the Mississippi valley. On the southeast side, these 
primary rocks are covered by the cretaceous and tertiary strata 
of the Atlantic slope. 

Descr. The mountains of Essex county, on the west of 
Lake Champlain, are composed chiefly of Labrador felspar and 
hypersthene rock: similar to the rocks in the northern part of 
Lower Canada, and the coast of Labrador : and a similar rock 
is found north of the lakes in Upper Canada : and occupying a 
large space south of Lake Superior in the western peninsula of 
Michigan ; so that probably tney may form a connected range 
almost to the Mississippi. Nearly all the rocks in Upper Can- 
ada appear to be primary. 

Descr. It appears then, that the great Central basin of the 
United States is surrounded by primary rocks, except on the 
north and south. The rocks which rest on the primary over 
most of this vast area, consist of clay slate, transition limestone, 
and the varieties of that group usually denominated gray wacke. 
Mr. Conrad and Vanuxem are of opinion, that the recent divi- 
sions of this group, can easily be distinguished here, especially 
the Silurian. Professor H. D. Rogers points out eleven differ- 
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ent Yarietiefr of these rocks below the coal measures, whose 
amregate thickness is more than 5.5 miles : yet obviously all 
betongine to the same geological formation : that is, deposited 
during the same eeological period. These rocks constitute all 
the ranges of the Allegany mountains that have been described, 
except the Eastern system of mountains which is primary. 

Descr. It is a remarkable fact, that while in Europe gypsum 
and rock salt are usually found in the new red sandstone group 
lying above the coal measures, in this country gypsum and brine 
springs, so far as ascertained, are universally situated in the 
Tocks beneath the coal formation. 

Descr. Very recently, for the first time in the United States, 
a bed of rock salt has been discovered, 18 miles from Abingdon 
i^ the southwest part of Virginia. It was struck in digging a 
well fer salt water. Soil and rock were penetrated 50 or 60 feet, 
then a bed of gypsum 160 feet thick, and next the salt which 
was found to be 60 or 70 feet thick. The rocks embracing the 
gypsum and the salt are sandstone and marly clay. Am, Jour. 
Set, Vol 41. p. 215. July, 1841. 

Descr. It seems now to be well ascertained that the car- 
boniferous or mountain limestone is developed on a vast scale 
in our western states : that it extends westward from Pennsyl- 
vania, at least to Fort Leavenworth on the Missouri river, and 
northward to the Falls of St. Anthony on the Mississippi. 

Descr, In many parts of the vast deposit of transition rocks 
that have been described, a regular coal formation rests upon 
them ; and it is a singular fact, that the coal along the south- 
eastern part of the great valley of the Mississippi, is usually 
destitute of bitumen ; and as we recede from the primary strata, 
it becomes more and more bituminous. 

Descr. Some of these coal deposits are among the largest 
yet discovered in th^ world. The anthracite deposit of Potts- 
ville, is 60 miles long and about five broad : that of Shamokin, 
commencing near Lehigh, is of the same length and width : and 
that of Wilkesbarre, is 40 miles long and two miles broad. In 
some instances a single seam of coal in these strata is 60 feet 
thick ; and near the middle of the valley, between the Sharp 
and Broad Mountains, no less than 65 seams have been countea. 
The bituminous coal field, embracing the western part of Penn- 
sylvania, and a part of Ohio, extends over an area of 24.000 
square miles : the largest accumulation of carbonaceous matter 
probably iu the world. In fact the bituminous coal measuies 
can probably be traced almost continuously, from Pennsylvania 
to the Mississippi, and even into Missouri, 200 *^iles west of 
hat river. Indeed, coal exists on the eastern slope of the Roekv 
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mountains : and it would not be Strang if this should be found 
to be the western outcrop of coal bearing strata, whose eastern 
extremity is in Pennsylvania. At any rate, it is certain that 
extensive seams of bituminous coal exist in Pennsylvania, Vir- 
ginia, Ohio, Indiana, Illinois, Michigan, Tennessee, Alabama, 
and Missouri. The world cannot furnish a parallel to this im- 
mense mass of carbonaceous matter, to say nothing of the smaller 
deposits in Henrico, Chesterfield, and Prince Edward counties 
u Virginia ; those in Nova Scotia and New Brunswick ; and 
that of anthracite in Rhode Island and Massachusetts. The 
identity of nearly all these formations with the coal measures of 
Europe, seems now to be pretty satisfactorily made out. 

Descr. It has been intimated that there are some exceptions 
to the general statement that the whole country between Hud- 
son river and Labrador is primary. Thus, along the St. Law- 
rence is a deposit of black fossiliferous limestone. All the north- 
em part of Nova Scotia is composed of secondary sandstone, 
embracing gypsum and salt springs, with overlying trap, and 
underlaid by clay slate ; while between the sanastone and the 
slate are coal measures. Coal is also found in the interior of 
New Brunswick, along with gray wacke and clay slate ; but how 
extensive are these formations it does not yet appear. In the 
eastern part of Maine, fossiliferous rocks occur. In Rhode 
Island and the eastern part of Massachusetts, are interrupted 
patches of a rock of the lower secondary series, containing 
anthracite. In the valley of Connecticut river also, strata of 
red sandstone occur^ with protruding greenstone. 

Descr. In going south of the Hudson river, the same red 
sandstone just described, as occurring in Nova Scotia, Maine, 
and the valley of Connecticut river, appears in New Jersey ; 
where it forms a wide belt southeast of the Highlands. Thence 
it passes through Pennsylvania, from Buck to York counties : 
thence into Frederick county, in Maryland ; thence into Vir- 
ginia ; thence into North Carolina ; and probably still farther 
south. Throughout the whole extent of this deposit, from 
Nova Scotia to Virginia, ores of copper, bituminous shale and 
limestones, and protruding masses of greenstone, are associated 
with it. In Virginia the deposit appeared to be eminently Cal- 
careous ; and one of its lowest beds is the well known brecciated 
Potomac marble. 

Descr. I have for many years been in the habit of regard- 
ing this rock as the equivalent of the European new red sand- 
stone formation ; and have so named it in jny reports on the 
geology of Massachusetts. The geologists- of our country, h6w- 
ever, have generally hesitated to adopt this opsnion : though 
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they ftdiait that this deposit belongs to the newer seoondsrr 
strata. But the moie I examine, the stronger evidence I find, 
that it is the new red sandstone. There is not room in this 
work, to state fully the grounds of this opinion. But th^ main 
argument is as follows. Prof. W. B. and H. D. Rogers seesss 
to have shown, that this rock in New Jersey, Pennsylvania and 
Virginia, lies above the coal formation. Now in Massachusetts, 
Connecticut, and New Jersey, fossil fidies have been found in it 
with heterocercal tails, of the genus palaeoniseus. Henoe, ae- 
eordine to Aeasnz, this rock must be plder than the oddte : be- 
cause fish with such tails do not ooout as high as the oolite. If, 
therefore, this formation Lies above the coed formation, and be- 
low the oolite, it mUst be the new ted sandstone. 

Descr. Prof W. B. Rogers has found that the sandstone 
Qontaioing beds of workable coal near Richmond in Virginia 
is of the age of the European oolite. This is proved by the 
vegetable remains ooeurring in it But no where else in this 
country has this formation been identified. Very extensive 
strata oecur, however, which have been referred by our geolo- 
gists, on account of their organic remains, to the cretaceous 
group* They are entirely wanting in chalk, which gives the 
name to the European series ; ana eonsist in this eeuntf y, of 
sands, sandstones, marb, and limestone. In New Jersey, Dela- 
ware, and Maryland, they are characterized by the ereen sand, 
which is so valuable as a fertiliser. Farther south tney consist 
almost wholly of marls and limestones. From these strata Dr. 
Morton has enumerated 108 species of zoophyte, moUusca, and 
eohinodermata : only one of which is common to this country 
and Europe. But there is such a resemblance between tlie 
genera, and those of the chalk, that it. is supposed the rocks 
must belong to the cretaceous period. Several interesting 
genera of saurians, tortoises and fishes, also occur in these rocks; 
among which are the plesiosaurus, ichthyosaurus, mososaunis 
and the batrachiosaurus. Among the fishes are several species 
(of sharks ; some of which are common to the chalk of England. 

Descr, The cretaceous rooks of this country probably com- 
mence as far east as the islands of Nantucket and Martha's Vine- 
yard, which they may underlie, as well as Long Island ; although 
hidden by drift and tertiary strata. They occupy a wide belt 
of country from New Jersey to Alabama ; and much surface, 
also, in Mississippi, Louisiana, Tennessee, Arkansas, and aeeoid- 
ing to M. Nicollet, extends from Council Bluffs on the Missouri, 
1<M0 miles along that river, to the mouth of the Yellow Stone. 

Descr. The principal tertiary deposits of the United States 
occur along the Atlantic coast of the southern states to the soudi 
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^•st of the efetaeeons loeks just described. These tertianr 
maps, however, commenoe as far east as the idiand of Martha's 
Vineyard, on the coast of Massachusetts ; where they are well 



developed, and seem to bdong to the eocene period. They next 
appear in the southeast part of New Jersey ; from whenee they 
extend ahnost continuously through the eastern portions of Dela- 
ware, Maryland, Virginia, and North Carolina; and in inter- 
rupted patches through South Carolina, Georgia, Alabama, Mis- 
sissippi, and Louisiana. Mr. Conrad and others suppose that 
they are able to distinguish in this vast area of our tertiary forma- 
tions the three groups which are recognized in Europe ; viz. 
the newer pliocene, the miocene, and the eocene. The post ter- 
tiary ako with shells of a highly arctic character, has oeen re- 
cognized in N. YoriL and Canada. 

Descr, The tertiary rocks of the United States occupy neariy 
all the level parts of the southern states, east of the Allegany 
ranee, and the southern part of the Mississippi valley. Hence 
we warn that they are ot vast extent. 

. Deser. The dnft of the United States has already been suffi- 
ciently described in section YI. 

Dttcr. The most extensive alluvial deposit in this country 
is the Delta of the Mississippi But similar deposits exist along 
the banks and at the moutns of all our larger streams. 

Ducr, Either in alluvium or drift, the following extinct 
species of the higher orders of mammaUa have been found. 
Elepkas primigentus occurs in Kentucky, South Carolina, New 
Jersey, Maryland, and Mississippi : mastodon maximus in Ken- 
tucky, New York, Virginia, New Jersey, Connecticut, Missis- 
sippi, Ohio, Indiana, and most of the western states : megathe- 
rtum on Skiddaway island, coast of Georgia; mtgalonyx in 
Virginia and Kentucky; several species of ox in Kentucky, 
and Mississippi ; cervn$ of^ericanus, or fossil elk, in Kentucky, 
and New Jersey: walrus in Virginia Mr. Cooper estimates 
that the specimens already carried away from the Big Bone 
Lick in iLentucky, must nave belonged to 100 skeletons of 
mastodon, 20 of tne elephant, one of the megalouj^j 3 of the 
ox, and 2 of the elk. He is of opinion that these remains occur 
in drift But at some other localities it is not improbable they, 
may have become extinct still more recently. 

bescr. No evidence of volcanic agency in this country east 
of the Rocky mountains, since the protrusion of greenstone, has 
yet been found. Pumice does indeed float down the Missouri: 
but it probably comes from the Rocky mountains. Thermal 
sprin«i also occur on the western borders of Massachusetts ; and 
near Seneca falls in New York : and Dr. Daubeny considem 
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the mineral springs fit BaUston and Saratoga as thermal ; like- 
wise numerous and abundant springs west of the Blue Ridge in 
Virginia, whose maximum temperature is 102^ F: in Bun- 
combe county, North Carolina, with a temperature of 125^ : in 
Arkansas near the river Washita, 200 miles west of the Missis- 
sippi, where are not less than 70 springs with a temperature 
from 118° to 148°. Dau^en^s Sketch of the Geology of North 
America, Oxford, 1839, p. 69. 

Descr. . The mineral resources of the United States and the 
British possessions have as yet only begun to be developed. 
The most important mineral in an economical point of view, is 
coal ; but the extent of our coal fields and mining operations 
has already been given on pages 62 and 331. Details respect- 
ing the brine springs of the western states and Upper Canada 
have likewise been presented on page 188. The coast of Mas- 
sachusetts and Maine furnishes a vast supply of beautiful gran- 
ite. Vast deposits of the most be&utiful porphyry also occur in 
Massachusetts, and of serpentine and steatite in various states ; 
as well as inexhaustible supplies of primary and transition 
marbles. 

Descr. An extensive deposit of gold exists in the primary 
range of strata extending from the river Coosa in Alabama, to 
the Rappahannock river in Virginia. The metal occurs in 
veins of porous quartz, traversing gneiss, mica slate, and espe- 
cially talcose slate, It is found also in the detrital deposit cov- 
ering the rocks. Silver has sometimes been found in connec- 
tion with the gold, as well as lead and copper. Even as far 
north as Somerset in Vermont, gold occurs in the quartz tra- 
versing talco-micaceous slate : and probably it exists in ' the 
space intermediate between this place and Virginia. The value 
of gold sent to the mint from the gold region of the United 
States from 1823 to 1836, was 4.377.500 dollars; and it was 
thought that this was not more than one half of the actual pro- 
duct of the mines. 

Descr. In the northwest part of the United States occurs 
one of the most remarkable deposits of lead in the world. The 
rock containing it is the carboniferous or mountain limestone ; 
the same that is so rich in lead in Great Britain. The extreme 
length of this lead region, from east to west, is 87 miles, and its 
greatest breadth, 54 miles; covering about *80 townships, or 
2880 oquare miles. It lies chiefly in Wisconsin; embracing a 
strip of eight townships in Iowa, and ten townships in Illinois. 
In 1839, it produced 30 million pounds of lead ; and is proba- 
bly capable of yielding 150 million pounds annually ; or more 
than is obtained in all Europe. Leaa exists also in consideraUe 
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quantity in other parts of the United States ; at in HaaoMhira 
eounty, Massachusette, in Rossie, New York, &c. Dr. Owen^s 

Report on the Mineral Lands of the United States, 1840. 

Descr. The same region at the west that yields the lead, is 
also rich in copper ore, which has not yet been so extensively 
worked as the lead, for want of a market At the Mineral 
Point, Mines, howerer, upwards of a million and a half ponads 
of copper ore have been raised. OweiCs Report, p. 40. Great 
quantities of zinc occur also in the same region ; although neg- 
lected : — and the same metal is usually associated with galena 
throughout the country. 

Descr, Another remarkable deposit of copper exists ia the 
western part of Michigan, on the south shore of Lake Superior. 
South otthis district, masses of metallic copper have been found 
in the drift over an area of^veral thousand square miles. A 
single mass on the Ontonaeon river, contains about four tons 
of coppeSr. Dr. Houghton has recently ascertained that these 
fragments are derived from veins of native copper, with the 
ffray and red oxides, carbonate, silicate, and other ores, travers- 
ing greenstone, amygdaloid, and an overlying conglomerate, 
very probablv a member of the new red sandstone series. 
These veins have not yet been explored at all : but will proba- 
bly be very rich and productive. Dr. Houghton^ s Report on 
the Geology of Michigan, for 1841. 

Descr. Copper, both native and as ore, is common in the 
trap and new red sandstone in Massachusetts, Connecticut, 
New Jersey, Virginia, &c. ; but it has not yet been extensively 
explored. Tin has been found in small quantity in Massachu- 
setts, Connecticut, and New Hampshire ; but not in workable 
quantity. 

Descr. The deposits of specular iron ore in Missouri, are 
among the largest on the eloM. They are connected with por- 
phyry, and are separated from the metalliferous transition lime- 
stone of that region, by a deposit of granite with trap dykes, 
six miles in width. Pilot Knob, which rises 500 feet, is partly 
and the Iron mountain, 300 feet Jbigh, and 2 miles in circumfe- 
rence, is entirely composed of this ore. Vast deposits of iron 
ore exist also in the northern parts of New York ; and suffi- 
cient for present use is found in almost every part of the coun- 
try. The primary regions of New England, New Jersey, and 
Pennsylvania, abound > especially in the magnetic oxide. In 
1840, the quantity of pig and bar iron manufactured in the 
United States was 84.136 tons. In Nova Scotia are valuable 
mines of iron. 

Descr, The gems or precious stones of this oountvy have aa 
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y^ exoited but liltlo attention, b«eaii«e tli« eSpsnse of cutting 
them keie is so much greater than in Europe. Hen^e we can- 
not say, in many cases, whether our localities will furnish ele- 
r specimens or not. It may be well, however, to mention 
Qdost important. It has been often stated that the diamond 
has been found in North Carolina. Fmtchtwanger' s Treatise 
im "Gtms^ p, 67. The Uue sapphire occurs in Orange county, 
New York, in New Jersey, North Carolina, and Connecticut : 
the chrysoberyl at Haddam in Connecticut, and in Saratoga 
eo«nty, New i ork ; the spinel, especially the blue variety, m 
Orange county, New York ; as well as in Massachusette ; the 
topaz at Monroe in Connecticut, in great quantity, but coarse ; 
the beryl in a variety of places ; but pure enough for jeweby, 
at Royalslon in Massai^iisettB, and at Haddam in Connecticut, 
(at the femmr place a rare variety ean hardly be distinguished 
from the chrysolite) ; the zircon or hyacinth in the northeAi 
part of Yefmont, in New York, in Canada, and North Caro- 
lina * the garnet in almost every part of the primary region of 
our country; and the pyrope especially, or great beauty, '^ 
Sturbridge in Massachusette : the cinnamon stone, a viaraety of 
garnet, at Carlisle in the same stete : the green and red iKMinna- 
fine, of great beauty, at Paris in Maine ; also at Chesterfield in 
Massachusetts ; limpid quartz at Little Falls and Fairfield in 
New York, and a multitude of other localities : the smoky 
quartz in a variety of places ; as at Canton in Connecticut, 
Williamsburgh and Brookfield in Massachusetts : the amethyst 
in Nova Scotia is very fine, and at Bristol in Rhode Island, and 
many other places : jasper in a great variety of places : horn- 
stone and chalcedony of various sorte, forming agates, in the 
trap ranees of the eastern states, along the shores of Lake Su- 
perior, &c. ; chrysoprase at Newfane in Vermont : iolite at 
Haddam in Connecticut, and Brimfield in Massachusetts : adu- 
laria of various colors in Brimfield, Southbridge, &c. in Massa- 
chusette : labradorite in Essex county, New i ork, and hyper- 
sthene at the same place : kyanite at Chesterfield in Massachu- 
sette : fluor spar in the northern part of New York ; Satin spar 
at Newbury, &c. precious serpentine at the same place : red 
oxide of titanium at Middletown in Connecticut, ana Windsor 
and Barre in Massachusetts. 

General Inferences, 

Inf, 1. It appears that the axes of all the principal chains 
of mountains on the globe, are composed ^of primary rocks, 
ftratified and vnstratified ; while the secondary series lie upon 
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their flankB, at a lower level ; and the tertiary strata at a stiU 
lower leveL 

Inf. 2. Hence a similar process of the elevation of conti- 
nents at sncoessiYe epochs, has been going on in all parts of the 
world. 

Inf, 3. Hence there is every reason to believe that conti- 
nents once above the waters, have sunk beneath them, as those 
now above the waters were gradually raised: for since the 
quantity of matter in the globe has always remained the same, 
Its diameter cannot be enlarged permanently ; and therefore as 
one part rose, other parts must sink. 

Inf, 4. Hence the ecology of any district that embraces all 
the principal groups of rocks, affords us a type of the geology 
of tne globe. This is what we should expect from the uniformi- 
ty and constancy of nature's operations ; and facts show that 
such is the case. 

Inf. 5. Hence, we have no reason to expect, that new dis- 
coveries in unexplored parts of the earth, will essentially change 
the important principles of geology. Slight modifications of 
those principles are aU that can reasonably oe expected from fu- 
tore xeeearches. 
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AbyniniA, mology o{ I 
Aerolite SchiBt, 65 
Afhca, geology of, 393 

, eaatern and oentndi 

0^323 
AgaiiBiz, work on fishes, 297. 

classification of fishes, 131 
Agassiz, his work on Glaciefs, 164 
, his Glacial Theory of Drift, 

213, 217. 
Age of rocks, how determined, 79 
Acency of man, 217 
AUegany Mountains, 331 
Alluvium defined, 34 
Alps, curved strata in, 38 
Alumina in the earth, 44, 45 
Alluvium, its lithological character,.,. 
Alluvial Sandstone, conglomerate and 

Breccia, 55 
Algae, fiissU, 106 
Aleutian islands, 231 
Ammonites in the strata, 101 
-, sketch o^ 127 



Anthracite, when ftmid, 47 
Antigua, geology of, 327 
Antimony, its uses and poailiaii| 49 
Anticlinal axis, 33 

described, 55 
Aiiteryz, 217, 218 
Ararat, an extinct volcano^ 941 
Arsenic, its ores and situation, 50 
Argillaceous strata described, 64 
Artosian wells, 187 - - 

Arabian writers on i 
Arabia, geology of, 312 
Asia, geology of, 312 
Aster&s nebulous, 265, 266 



geology Apothemite c 



His Ararat,! 



Amazon, delto o^ 173 

America, geology of, 324. Westerly 
and Northerly parts o^ their geolo- 
gyi328. 

American geology, history of, 298. 
GeQlogicarSociety,299. Qedogists, 
association of, ib. 

Amygdaloid describ^ 74 

Andesite described, 73 

Andesitic lava, 78 

Animals in the rocks, 115. Articu- 
lated, 123. Ancient, many lost, 
162. Adapted to the changing con- 
dition of the earth, 278 

AnimalculcB, living, 120. Fossil, 121 

Antarctic Continent, geology of^ 322 

Anoplotherium, 143 

Annularia of Mansfield, sketch ol 
U2 



Asphaltum, 185 

Astronomy, apparent diserqMmey ot^ 
with revelation, 289 
57 Avalanches, 166. 

Augustine, his views of creation, 286 
Auvergne, extinct volcanos in,^ 
Augite rock, 73. Porphyry, ib. Ai 
hornblende, their iaenti^, 68, 69 
Axis folded, 36 
Azores, 322 



B. 

Babbage on the propagation of heat, 
258 . 

Bailey, Prof, his discoveries respect- 
ing fossil animalculjBD, 121, 122 

Baltic, its shores rising, 237 

Bannat, geology of, 311 

Barbary, geology of, 318 

Basalt described, 73, 74. Where 
found, 46. 

Bed of rock defined, 15 

Beaumont, Eliede, on the elevation of 
mountains, 156 

Beaumont's theory of elevation, 256 

Beaches, how formed, 179 

Becq^uerel on metallic veins, 273 
1^ Belgium, geology of, 307 

Belemnite, 128 
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Belemnoieput, ikekeh of, 199 

Boievoleiice of the Dotj prorod, 936 

Bendiuf on Soib, 237 

Binmatb, its orai, &c, 49 

Bitamen, 54 

BiRb, IomU, 140. Thflir tncki, 140, 

148 
Bone caverns, 147. CaYsm'ln 



mont, 14S. BackUnd's description 

o( 141. 
Bones of the &llen wgeb, 293 
Borings for water, 187 
Boston Harbor, sketch in, 179 
Bowlders Mned, 5a ThsiiaM,lf0. 

In01oacesi«r,ib. 
Bsferditch, his oMnkm on hitsnal 

host, 257 
British Amsrica, geolegr of, 9SB 
"^ His cUasiileetion < 



Vtt' Climate < 



Bfonginart. A. 
Tocls, 44 On die tertkry 

Bioiaii wwika, 997 
Bruce, Dr. A., his iounuJ, 990 
Bvckland on metallio Ysins, 979 
Buifon's theoiy of the eaith, 995 
Bnmet'sdo.,994 

Bosh, PioC, his su|eiris oT di^, 904. 
Views of creatkm, 



Cahunites, sketch o( 109 
-OdcaieoM tn&, 53 
Csael, iMsil, 145 
Cape May, worn awaj, 177. Elinr 

tsth, light houses on, 179. Ann, 

light houses on, ib. 
Carbon in the earth, 45. Its 

Ue origin, 49 
Caribbean islands, geology ot, 397 
Cateelysm of the Egyptians, 999 
Catcott on the deluge, 995 
Csfhalaspis, sketch of; 182 
Ceyton, geology of, 390 
Chambered shells, 196 
Changes improve the oondilMm of the 

globe, 163 
Ctemistry of geology, 43 
Chemical deposits, 5o 
Chirotherium, tracks o( 157 
Chili, its eoast slevated, 236 
China, geology o( 390 
Chlorite slate, 65 
Chlorine in the earth, 44 
Cipolin,77 
Claystone, 73 
Claystones in day, 19 



strata, Cobalt, 



Claystone porphyry, 72 

Clay, where found. 46 

Clay slate system described, 64 

Classification of rocks, 34. Princi- 
ples of, 43. 

Cleavage, 31 

Cle^velfnd, Prof, his works, 299 
limate of Europe, whether changed, 
918. Of early times tropical, lOi. 
Ultra tropical, 105. Gradually sunk, 
ib. 

Clinometer, 31 

Clinkstone, 73. PorphyiTjib. 

Coal, its accumidation, 272. Basin, 
sketch oC 4a Measnres, 69 In 
Ghreat Britaiiajb. In the United 
States, ib. Where fbuod in the 
To^s, 47. Its mode of occurrence, 
ib. Deposits of the U. States, 831 
, its ores and situations, 50 

Coincidences between geology and re- 
vealed religion, 980 

Columnar structure, 74 

Comets, their nature, 265 

Comparatire anatomy, its use, 85 

Compact felsnar, 79 

Conifers ana Cycadee, 112 

Coniferous plants in the rods^ 99 

Conchology defined, 196 

Concretions of Iron o^, 19. Concre- 
tions in unstratified rocks, 99. At 
Sandy Bay, Nahant, and Worces- 
ter, 30 

Connecticut river, its bed, 174. Tal- 
ley, 176 

Constancy of Nature, 164 

Consolidation of rocks, 923, 294. Dr. 
Pownal, Vermont In West Stock- 
bridge, Mass. Cornwall, Eng., and 
the eoast of Asia Minor, 994 

Continents elevated from the sea, 154 
At different times, 155 

Conybeare's classification of rocks, 39 

Coprotites, 134 

Copper, its ores and situation, 50 

Coral reefe, 219, 52, 53. Their ex- 
tent, 219 

Cornean, 72 

Cosignina, volcano o^ 298 

Cosmogony, hypotheses of, 993 

Cotepaxi, lava thrown firom, 230 

Cotta, Dr., on fiissil fi)ot marks, 151 

Craters defined, 29 

Crater of elevation, 229 

Creation, progressive, 281. Of six days. 
284,285. Numerous centeiso^2SS 
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CieUceooB lyitom, 59. Of Egypt uid Diorite, 73 
United Sutes, 90. Rocks of U "^^ " 
States, 334 

Grinoideans, 116 

Croatia, geology o^ 311 

Crocodile, fossil, 139 

Crustaceans, fossil, 123 

Crust of the globe, derived from ani- 
mals, 163. Its thickness, 250 

Currents, oceanic, 180. Their velo- 
city and effects, 181 

Cuttle fish, 129 

Cuvier on the tertiary strata, 56. His 
works, 297 

Cyblas, sketch of, 114 



Days of creation, supposed long po- 

riods,283 
Dathe, 286 

Daubeny, on thermal springs, 238 
Dead Sea, its origin, 2^, SiO 
Death before the fall, 289. Resulto 

fh>m the constitution of animakkib. 

Penal in the case of man, 290. 

Threatened only to man, 291 
Deer, fossil, 14S 
Pe La Beche's classification of rocks, 



Delos, 231 

Delta of the Mississippi, Rhone, Nile, 
Amazon, Ganges, &c., 173 

Deluge of Noah, 282. The supposed 
cause of most geological changes, 
293. Opinions concerning, 298 

Denmark, geology of, 306 

Deposition of rocks, horizontal, 67 

Detritus of rocks, 172 

Diamond, where found, 48 

Diallage rock, 77 

Diluvium or drift, defined, 34, 55. 
Consolidated, 57. Its dispersion, 190. 
In Nova Scotia, 191. In Massa- 
chusetts and New York, 191, 192. 
In the Western States, 192. In 
£urope and South America, 193, 
194. Organic remains in, 200 

Diluvial elevations and depressions, or 
Moraines, 194. Sketches of, 196. 
Valleys on Holyoke, 207. Sand 
and clay, 55. Grooves, 207. Agen- 
cy, 189. Action, fiVst, second, and 
third theories of, 211, 212. Fourth 
do.ib. Fifth do. 214. Sixth do. ib. 
, Seventh do. ib. Beneficial, 277 

Dinotherium, sketch of, 148 

29 



Dioritic porphyry, 73 

Dipofstrato, 39 

Dipodichnites, 154 

Discrepancy, supposed between geolo- 
gy and revelation, 281 

Disturbances, geological, beneficiaL 
276 

Divisional structures, 20 

Divine character perfect, 275 

Dodo, 217 

Doederlin, his views of creation, 286 

Dolerite, 73 

Domite described, 73 

Downs or Dunes, 179 

Drift wood, 223. Drift, 190 

Drongs on Jewell's Island, 178 

Dykes, 25. Of trap in England, 26. 
In Cohasset, Mass., ib. In Salem, 
Mass., 28 

Dynamics of volcanos, 229. Table 
of, 230. Of geological cauies, 164 

- K 
Earth, its form, 14. 
ib. Earliest condition, 
ture destruction of, 281. 
long before man, 2^ 
Earthquakes, their proximate cause, 
2S4. Their precursors, 235. Their 
effects, ib. 
East Indian Archipelago, geology of, 

318 
Ecpyrosis of the Greeks, 292 
pt, geology of, 320 
iberg, his discoveries, 87, 120 
-, XiOcalities mentioned by, 314 



Existed 



Elevation of strata, 32 

Elevations and subsidences, alterna- 
tion o^ 159 

Elevation of continents, 155. Of the 
coast of Chili, 236. Of continents, 
the cause of, 254 

Elements in the earth, 43, 44 

Elephant in frozen mud in Siberia, 83 

Elk, Irish, 217 

Embossed rocks, sketch of 206 

Encrinites, 116 

Encrinal limestone, 62 

England, geology of, 304 

English c^Bmnel, how formed, 177 

Eocene strata, 57 

Epoch, geological, defined, 55. Of 
elevation, 156 

Eruptions of volcanos, their number, 
237. Phenomena of, 228 ^ 
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Etna, eraptioDf o( 398. Gtmlily of 

lava from, 230 
Euphotide, 77 
Eurite, 67 



Pallopio on organic Temaini, 993 

Fault defined.l3 

Ferns, 107 

Fingal's cave, 75 

Firestone, 65 

Fishes, 131 . Their distribution in the 

strata, 131, 132 
Fluorine in the earth, 44 
Folded axis, 36 
Fool's gold, 50 
Formation defined, 39 
Fossil footmarks, 148. Synoptical 

view of, 153 
Fossiliferous rocks, their extent, 87. 

How deposited, 88, 89 
Fourier on heat, 351 
Fox, on metallic veins, 273 
Fracastoro on geolo^j 293 
France, geoWy of; 307, 308 
Facoides, 107 
Fwmeiole 296 

O. 



Ga,bbTO, 77 

Gait, 60 

Ganges, delta, of, 173 

Gangue of a vein, 270 

Gras springs, 189 

Gay Head, strata o^ 58 

Guadaloupe, human skeleton fixno, 

224 
Guatimala, geology of, 327 
Geine and geates, 221 
Gems in the U. States, 336, 337. 
Geognosy, 13 
Geogony, 13 
Geology defined, 13 
Geological maps and sections, 82 
Geology and revealed religion, 280 
Geographical geology, 304 
Germany, geology of, 310 
Geysers of Iceland, &c., 224 
GHant's causeway, 76 
Glaciers, defined, 164. Advance and 

retreat of, 167. Sketches o^ 166, 

168, 169, 170 
Glacial theory, 213. Action, ancient, 

194. Period,.200 
Gl|M$io-aqeuou8 agency, 189. OnHoIy- 

oke, 207.^ In the ^northern hem^ 



imhire, 191. BstWMa OwtNyiot, 



Globe, ito early hypothetical iteto, 965 

Gneiss, porphyritic, 07 

Gold, where fimnd, 49, 50. In Hbm 
United States, 335 

Goldfuss on petrifactions, S97 

Gorge defined, 33 

Granite, where found, 46 

Graphite, where found, 48 * 

Graphite slate, 65 

Granite described, 70 

Granite, poiphyritic and granite, 70 
Graphic of Goshen, 71 

G^aywacke system described, 63, 64 

Graystone lava, 78 

Greece, geology of, 312 

Greenland, its shores sinking, 237 

Greenstone, where found, 46. In 
Connecticut and Massachusetts, 29. 
Described, 72. Columnar, 74. And 
basalt, at Giant's causeway and Tir 
tan's pier, 75. At Fingal's cave, 
76. At Titan's piana, ib. Of 
Rowan county. North Carolina, 77. 
Of Hudson river, ib. Columnar, 
their origin, ib. 

Green Sand, analysis of, 60. Use of 
in agriculture, 61. Description of, ib. 

Grres bigarre, 61 

G^up defined, 32 

Gypsum, where found, 47. Sought 
in the wrong place, 51. How de- 
posited; 225 

H. 

Halloy's classification of rocks, 40 

Hebard, Rev. Story, specimens fiom, 
313 

Hensler, his exegesis of the days of 
creation, 284 

Herculaneum buried, 228 

Hindostan, geology of, 319 

Hippopotamus, fossil, 145 

History of geology, 291 

Holland, geology of, 307 

Hooke's theory of the earth, 994 

Hornblende rock, 72 

Hornblende slate, 65. Hornblenda 
aiTd Atlgite identical, 68, 69 

Hornitos, 229 

Hornstone, 72 

Hornstone porphyry, 72 

Horsly, his exegesis, 283 

Horse, fossil, 145 

Hovey, Prof, on the W. Indies, 391 
327 
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Haman remains, 97. Skeleton in 
rock, 327 

Hummock on Holyoke, 207 

HuHfirary, geology of, 311 

Hatcoinaon's theory of the ei^th, 394 

Humus, 231 

HuttoB*s theory of the earth, 295 

Hutton and Landley on fossil plants, 
297 

Hy»na, fi)8sil, 145 

Hydrate of iron, 52, 184. Of Manga- 
nese, 52, 184 

Hydrogen in the earth, 44 

Hypersthene rock, 72 

I. 

Icebergs, 167 

Ice preserved by lava, 232 

Ichnolithology, 148 

Ichnolites classified, 153 - 

Ichthyosaurus, sketch of, 136 

Igneous agency defined, 326 

^uanadon, fossil, 137 

Iguan, a sketch of, 138 

Inclination of strata, 30 

India farther, geology of, 319 

Infusoria, their skeletons, 67. In 

Massachusetts, &c., ib. Liytng, 

121. Fossil, 122. Sketch o^ib. 
Insects, fossil, 122. 
Instability the means of stability, 379 
Intensity of geological agencies, 266, 

367 
Internal heat of the earth, 246 
Internd heat, objections to, ^1 
Interior of the earth, its state, 349, 

257 
Ireland, geology of, 306 
Iron in the earth. 44. Its ores, 49. 

Pyrites, 50. In U. States, 336. 

Mountain in Missouri, ib. 
Islands volcanic, 331. Recent, ib. 
Italian writers, 294 
Italy, geology of, 309 

J. 



Bjranea. sketch of, 234 
Ejiapp, his exegesis of the histoiy of 
Creation, 285 



Jameson, Prof, his views of creation, 

283 / 

Japan, geology of, 330 • 
Joints defined, 20. Their origin, 22 
JoruUo, volcanic, 227 
Jupiter perhaps covered by water 266 



Keith, his theory of the days of crea- 
tion, 283 ^ 



Labrynthydon pachygnathns, Owen's 
sketch of, 151 

Lakes, bttrsting of, 177 

Lamarck's hypothesis of tnuMmqla* 
tion of species, 93 

Lamination defined, 15. Its oriinn, 
17 

Lamina of Grneiss, 15. Of clay, 17 

Landslips, 165 

Lapiaz, or furrows, how fomed, 171 

Lapland, geol<My of, 307 

Lava, where &und, 46. Pescribfd, 
70, 78. Trachytic, ib. Augitic, or 
Basaltio, ib. Greystone, ib. Vit- 
reous, ib. Molten, its chaiactar, 
232 

Lead, its ores and situation, 49 

Lead in U. States, 335 

Lebanon, Mt. geology o^ 31^ 

Leibnitz, his thooiy of the wth, 993, 
294 

Lepidodendron, sketch of, 109 

Lester, on British shells, 393 

Lias described, 61 

Liebi^'s views, 231 

Liffnite, where found, 47 

lily Encrinite, sketch of, 117 

Lime in the earth, 44, 45 

Limestone, where fiMind, 47. Prima- 
ry, G^ Mountain, 62 

Lindley, Pro£, on fossil plants, 297. 
His experiments on the preservtftion 
of Dlants, 114 

Londongeological society, 297 

Ludus Helmontii, 20 

Lycopodiaces, 106 

Lyeirs classification of rocki» 99. 
His theory of ancient climate, 20. 
Of causes in action, 266. Objec- 
tions to internal heat, 262, 963 

M. 
Macculloch's classification, 38 
Madure's map of the U. States 82 
Magnesia in tne earth, 45 
Malpais, eruption in, 229 
Mammalia, 140. Fossil of U. BUjm. 

334 
Mammoth, sketch of, 144 
Man, when first appeared on ths 
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Mrth.97. Thalaftuunudcieated, 

281 
Man's geological agencj, 217 ' 
HanganeMi ita use and position, 49 
Mantell's classification, 40 
Maps geol<»ical, 88. Of Yarious 

countries, ik 
Marl, where foundj 46. Alluvial, 183. 

Its use and position, 58, 53 
Mastodon's teeth, sketch of, 144 
Matrix of a vein, 870 
MattioK on organic remainfl 298 
Megalonyx, 147 
M^alosaurus, 137 
Megatherium, sketch o^ 147 
Melaphyie, 72 

MdvUle Island, geolooy «( 388 
Mercury, where Ibnnd, 50 
Mer de Glace, 165 
Merrimack, its alluvial matter, 173 
Metallic veins, diaraeter and repletion 

o^ 870 
Metalloids in the earth, 44 
Metals in the earth, 44. Where 

found, 49. The mode in which 

th^ occur, 50. Thdr distribution. 

277 
Mexico, geology of, 327 
Mica slate described, 66, 67 
Milton, his views of creation, 266 
Mineral waters, 187 
Minerals defined, 13. In the rocks, 

45. Useful, their situation in the 

rocks, 46 
Mines, temperature o^ 247 
Miocene strata, 57 
Mississippi, delta of, 173 
Mitchell, Dr. S. L., 298 
Mollusca, living, 185 
Monadnoc, stnated rocks upon, 205, 

embossed rocks upon, 206. Has 

been scarified, 202 
Monkey, fossil, 145 
Moon, Tolcattic, 265 
Moraines, recent, 167. Ancient, 194. 

In Truro, 195. In Amherst, and 

N. Adams, 196. At " 

Mt. 197 
Mosaic account of creation, 288 
Mososaurus, 136 
Mosses, 107 
Mountain limestone, 62 
Mountains, 14. Of Europe elevated 

at different epochs, 156 
Murchison's classification, 41 
Muschelkalk, 61 



Monument Orinoco, 



'Nautilus, 126 
Nebule, their nature, 265 
Neckar on metallic veins, 273 
Nevado de Toluca, volcanic, 228 
New Enffland, ito waste, 177, 178 
New Holland, geology of, 381 
New Red Conglomerate, 61 
Niagara falls and river, 176 
Nicaragua, volcano in, 833 
Niger, delu of, 173 
Nile, delta of, 173 
Nitrogen in the earth^44 
Norway, geology ofj o07 ^ 
Nova Scotia, its waste, 177, 178 
Nubia, geology oL 388 
NummuUte, sketch of, 129 

O. 

Obsidian, 78 

Ocean, its depth, 14 

Ocean, its geological agency, 177 

Old red Sandstone, 62 

Omalius D'EbJloy's classification of 
rocks, 40 

Oolitic system described, 60 

Ophicalce, 77 

Ophiolite, 77 

Ophite, 77 

Order of creation, table of, 96 

Organic remains described, 83. How 
preserved in the rocks, 84. Deter- 
mined, 85. Classification of, ib. 
Mostly marine, 86. Amount of in 
the rocks, ib. Height of above the 
sea, ib. Distribution o^ 87.. In 
different formations, 89. How far 
they identify strata, 9^. Tabular 
view o^ 92. Vertical range of, 98. 
Compared with living sj^ies, 102. 
Number of species of; 103. Tropi- 
cal in high latitudes, ib. Descn^ 
tion of particular species of, 106. 
Not contemporaries of existing spe- 
cies, 159 

Ornithichnites, 150 

Orinoco, delta of, 173 

Ornithoidichnites, sketch o^ 151 

Orthoceratites^ sketch of, 128 

Oryctology, 83 

Ox, fosBif, 145 

Oxygen m the earth, 44 



Pachydermata, extinct, 143 
PalffioniscuB, sketch of, 134 
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Pdaontological daasifieation, 41. 

Chart, 101 
Paleontology, 83 
Paleotherium, sketch of, 143 
Palestine, geology of, 3l3 
Palisadoes, 77 
Pallas, on geology, S95 
Papandayaqg, volcano of, 9S$ 
Parker, Rev. Mr. his tour, 235 
Parrot, his tibjectioDs to internal keat, 



Patrick, Bishop, his views of creation, 

286 
Pear enerinito, sketch of, 118 
Peat, 47. How formed, 221. Ana 

lysis of, 223 
Pegmatite, 70 
. Pele's hair, or volcanic glass, 79 
Pentacrinite, Briarean, 117 
Peperino, 78, 79 
Period geological defined, 55 
Periods of geology, long, 161 
Periods of organic being on the gl«be, 

94 
Perkins, Rev. Justin, specimenfl from, 

318 
Persia, geob^ of, 317 
Petrifaction, it»- nature, &e, 84. Re^ 

cent, ib. 
Petroleum, 185 
Petrosilex, 72 
Phillips, Prof John, his classification 

of rocks, 40. Unstratified do. 69 
Phonolite, 72 

Physico-theological school, 294 
Pic, volcano ot 229 
Purgatories, of Newport, R. I., 179 
Pitch lake in Trinidad, 185, 327 
Pitchstone, 78 

Plans of the Deity as shown by geol- 
ogy, 279 
Platers's giant, 293 
Platinum, where found, 49 
Playfair's illustration, 296 
Plesiosaurus, sketch o^ 136 
Pliocene strata, 57 
Plot on organic remains, 293 
Plutonic rocks, described, 70 
Po, delta of, 173. Embankments on, 

218 
Poisson's 'objections to internal heat, 

264 
Poland, geology of, 311 
Polynesia, geology of, 321 
Polyparia, agency of, 218 
Polypi or Polyparia, sketch of, 119 



Polypodiclinit^, 153 

Polythalamia chalk, fbrmatioiis in, 
Prom Pyramid of Cheops, 314. 
West side of Anti-Libanus, ib. Of 
near Damascus, ib. Of Mount of 
Olives, ib. Of Beyroot, ib. 

Polythalamia chalk, sketches by Pro£ 
Bailey, 315, 316. 

Pompeii buried, 229 

Popocatapetl, 233 

PorphyrV described, 72. Pyroztnie, 
73. Where found, 46 

Portugal,, geology of, 309 

Potassa in the earth, 45 

Precious stones in diluvium, 57 

Primary eonglemerates, 58. Plutonic 
rocks, 80. Rocks defined, 35. De- 
scribed, 64. Their origin, 257 

Producta, sketch of, 130 

Protoigne, 64 

Providence «f God over the world, 275 

Provinces Botanical and Zoological, 
87 

Pterodactyle, sketch of, 139 

Pyroxenic Porphyry, 73 

Pythagoras, his views of geology, 993 



Gtuaquaversal dip, 34 
Gluartz Rock, 65 



Radiata, 115 

Raindrops, impression of on stone, 
152 

Ray's theory of the Earth, 294 

Recent Plutonic rocks, 80 

Red River Raft, 223 

Red Sandstone, 61. Of Nova Scotia, 
N. England, New Jersey, ^. 332 , 

Reptiles, l34 

Rhinoceros, fossil, 145 

Rhone, deha of, 173 

Rivers, their agency, 172 

Robinson, Dr. on the cities of the 
plain, 241 

Rock salt described, 54. In Persia, 
ib. Where found, 47 

Rocking stones, 56. In Barre, ib. In 
Fall River, ib. 

Rocks, chemical composition of, 43, 45. 
Defined, 13. How worn down, 
172. Primary, stratified, their ori- 
gin, 257, 259. Useful, their situa- 
tion in the earth, 46. Embossed. 
206 



Digitized 



by Google 



Z4& 



IVDXX. 



Rocks, itriated, 170, 171, 9(tt, 303 
Roman oement, 20 
Roiet'f cl— i ficat i pn, 40 
RoMia, geology o( 311 

S. 

SaarUns, fowil, 134 

Samoidichiiitet, 150 

Saliferous system, described, 61 

Salt rock, its orwn, 225. in Siberia 
and Mexico, ib. Salt >pnng«, 188 

Sandwich islands, volcanic, 2S 

Satarn covered by a flaid, W^ 

SaoasnK on the Alps, 295 

Scheuchzer on fossil fishes, 293 

Schools of mines, 295 

Sclavonia, ffeology of, 311 

Scorpion, Mil, 123 

Scotland, geology o^ 305 

Seals, their number, 218 

Seam defined, 15 

Secondary Platonic rocks, 80. Se- 
condary rocks defined, 35. De- 
scribed, 59 

Section, ideal of the earth's crusty 23 

Sections geological,. 82 

Sedgwick on metallic veins, 272 

Sedgwick's classification of rocks, 41 

Sedimentanr rocks, 58 

Septaria, 20 

Strope's classification of onstratified 
rocks, 69 

Serpentine, 66, 77. Where foand, 

Seybert, Dr., 298 

Shark, fossil, 132 

Shark's tooth, sketch of, 133 

Shells, chambered, 126. Microscopic, 

87. Their vertical range in the 

strata, 100. The number of living 

and fossil, 103 
Siberia, geology of, 318 
Syenitic greenstone, 73 
Syenite described, 70. Where found, 

46 
Siffilluia, sketch of, 110 
Siuca in the earth, 44, 45 
Siliceous Mari, 53. Sioter, 53, 184 
Silliman, Prof., his journal, 298, 299 
Silurian system described, 63 
Silver, where found, 50 
Simple substances in the earth, 43 
Siniate, T2 
Sinter, siliceous, 18i 
Sivatherium, 145 



Skaptar Jokul, qnantilj of lava tiuowii 

from, 230 
Skiddau, system o^ described, 64 
Slime pits near the Dead Sea, 241 
Smith, Dr. J. P. his views of cieationy 

Smith, Wm., his labors, 296 

Soda in the earth, 45 

Soil, its composition, 52 

Soils, a proot of divine goodness, 276 

Solfatara defined, 226 

Somna,229 

South America, geology o( 322 

Southern Africa, seology of, 323 

Soworby, on fossil shelu, 297 

Spain, geology of, 308 

Species had once a wider range, 89. 
Their distribution, &c., 90 

Spiders, fossil, 123 

Spirifer, sketch of, 130 

Spirula, 127 

Springs, eas, 189. Phenomena oi^ 
185. Salt in the United States, 
188. Their origin, ib. 

St. Croix, geol^r of, 327 

Stabi» buried, W 

Steatite of N. England, 66 

SteneosauruB, 139 

Stigmaria, sketch of. Ill 

Strabo on geology, 292 

Strata bent, 187 Elevation of, 32. 
How identified, 91. Overturned in 
N. England, 36. In the Alps, 35. 
Their thickness, how known, 67. 
In England, 86. Europe, 67. Penn- 
sylvania, ib. Tauris d8 

Stratification, defined, 15 

Stratified rocks, deposited firom water, 
58 t~ * 

Strike of strata, 30 

Stromboli, 233 
. Structures in rocks, how caused, 22 

Subsidence on Columbia river, 235. 
Other cases, 237 

Subterranean forests, 113, 237 

Sulphate of lime, deposited firom wa- 
ter, 52 

Sulphur in the earth, 45 

Sumabawa, eruption in, 228 

Sun, its present supposed state, 265 

Superposition of fossiliferous rocks, 
35. Primary, ib. 

Survey, geological, of Arkansas, 300. 
Of Connecticut, 301. Of Dela- 
ware, 302. Of England, 303. Of 
France, ib. Of Georgia, 302. Of 
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Indian^ ib. Of Iowa, 303. Of 
Kentockj, 303. Of Maine, 301. 
Of Massachusetts, 300. Of Mary- 
land, ib. Of Michigan, 303. Of 
New Jersey, 300. Of New York, 

301. OfNorth and South Carolina, 
299,300. Of Ohio, 301. Of Penn- 
sylvania, ib. Of Rhode Island 

302. Of Tennessee, 300. Of the 
Erie Canal, 303. Of Virginia, 301 

Sweden, eeology of, 307. Its shores 
rising, §37 

Switzerland, geology of, 310 

Synclinal axis, 33 

Syria, geology oi, 312 

Syria and Palestine, limestone from, 
314 

System of things the same in all 
ages, 275. Present had a beginning, 
ib. 

Systems of elevations, 157. Of or- 
ganic beings on the globe, 275 

T. 

Tacosa, volcanic, 228 

Talcose, slate, 65 

Tartary, geology of, 3l8 

Taylor, Jeremy, his views "of death, 

Teleosauri, 139 

Temperature of the globe from exter- 
nal sources, 247. Internal, do., 
246 

Terebratula, sketch of, 130 

Terrain denned, 32 

Tertiary strata, defined, 35. Describ- 
ed, 57. Plutonic rocks, 80 

Tetrapodichnites, 153 

Thermal Springs, 238, 248 

Thibet, geology of, 319 

Tides, their geological effect, 188 

Time, geological and chronological, 
97,9? 

Titan's pier, 75 

Toadst^ne, 74 

Toads preserved in rocks, 83 

Tortoises, fossU, 140. Tracks of, 149 

Totten, his experiments on the expan- 
sion of rocks, 255 

Trachyte described, 73 

Trachyflc lava, 78. Porphyry, 73 

Tracks, human, 152. Of animals^ 
149. How preserved, 152 

Transition rocks, 35 

TransyWania, geology of, 311 



Trap rocks, 72. West of Rocky 

Mountains, 77. Tuff,' 78 
Travertin, 53. How formed, 183 
Tree ferns, 106 

Trilobites, fossil, 123. Sketch of, 125 
Trinidad, pitch lake in, 185 
Tuiaceous conglomerate, 78 
Tuff, 78. Volcanic, ib. 
Turkey, in Asia, geology, 313. In 

Europe, ib. 

U. 
Ulodendron, sketch o^ 110 
Uniformity of nature, 161, 164 
United States, geology of, 319 
Unstratified rocks, 15. Lithological 
character o£ 68. Of igneous ori- 
inn, 242, 243. Their fusibility, 79. 
Their mode of occurring, 24 



Valley of the Mississippi, geology of 
331 

Valleys, how formed, 33, 276. Of de- 
nudation, 174. Of elevation, 176. 
Of subsidence, ib. Of the Con- 
necticut, 175. Terraced, 174. 
Transverse and longitudinal, 173 
Variegated marl described, 61 

Vegetable life when begun, 94. Re- 
mains, 95. In the newer strata, 
97. In the carboniferous strata, 
95 

Veins defined, 24. In Beverly, 27. 
In Chester, 30. In Cohasset, 27. 
In Coirain, 29. In Conway, ib. 
In Cornwall, Eng., 25. In SaJem, 
28. In Westhampton, 26. Me- 
tallic, their width, 270. How filled, 
272. In Cornwall, sketch of) ib. 
Most productive near unstratified 
rocks, 271. Rocks traversed by, ib. 
Of injection, 26. Of segregation, 
25. Their relative age, 26. 

ViUarica, 233 

Volcanic action, defined, 226. Hy- 
pothesis of 252. Agency beneficial, 
278. Breccia, 78. Craters, ancient, 
241. Glass of Sandwich Islands. 
79. Power, its seat, 235. Tuff, 78 

Volcanos central, 227. Extinct and 
active. 227, 239. In lines, 226. 
Products off 79. Submarine and 
srial, 226. Their number^ 229. 

Von Buch on Craters, 2^ 
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Waeke dMcribed, 74 

WaM, Dr. on foMil footmarka, 157 

Water, iU distribution, 376 

Watt's experiroento on Basalt, 77 

Waves, their effect, 177 

Weaver's Mr. obsenratoiy, 3l4 

Wells artesian, 186 

WeroOT's Theory of the earth, 9E 

Of veins, 273 
West Africa geology o( 323. Indieo^ 



rWhiUvAdaT Isle, sketch o( 930 
Woodward's theory of the earth, 294 
World had a beginning, 275. Its 
supposed eternity, 274 



Zechstein, 61 

Zinc, its ores and situation,- 49 
Zyophy tes, their Tertical ran|pB in tho 
strata, 96^ 99 
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